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XXXVII. A Treatife on Rivers and Canals. By Theod. 
Aug. Mann, Member of the. Imperial and Royal Aca- 
demy of Sciences at Brufiels ; communicated by Jofeph 
Banks, Efq. P. R. S.. 

Read June 24, rTjy. 

TO JOSEPH BANKS, ESQ* P. R. S« . 
SIR, 

X^OUR elecuon to thePrefidency of the firft literary 
■** and fcientrfie Society ia the- world, to a chair fo 
long and fo glorioufly occupied by the great* newton j 
joined to the friendfhip you have been pleafed to honour 
me with fincemy being firft known to you: has encou^ 
xaged me to fend you fomething of my compofition, as 
the heft way of expreffing my fincere refpecT: and attach- 
ment to you> and my profound veneration for the iliuf- 
trious Body which has chofen youfor its head. Though 
variouseircumftances^by carrying me very early koto fo- 
:eeign countries, have made me from my youth almoft 

an 
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an alien to my native foil, and put me in a fituaho. 
which apparently rauft make me ever remain fo; yet, 
neither time nor diftance could ever weaken, much lefs 
obliterate, my tender attachment to it, or my ardent 
wiflies for its welfare. 

Thefe confiderations will, I hope, merit a favourable 
acceptance from the Royal Society of the following piece, 
which I have the honour of addrefling to you; and an 
indulgent condefcenfion for its imperfection in every re- 
ipe£t, and particularly in point of ftyle. Five and twenty 
years abfence from my native country, and the neceflity 
of converfing during that time in different foreign lan- 
guages, muft unavoidably have filled mine, without my 
being fenuble of it, with idioms and exprefilons in no 
vrifeEnglifh. 

As to the fuhje<5t I have undertaken to treat on this 
occafion, I was guided in the choice thereof by the mo«- 
tive of faying fomething that might be ufeful to my na- 
tive country, The great number of extenfive and mag:- 
nificent canals, which have beenxut through alnpofl: 
every part of England ©f late years, for the ufe of inter- 
«al navigation, and which do honour to the public spirit 
of the nation, merit to be confidered in a icientifical as 
well as in a commercial light. Their waters have their 
laws of motion different in many cafes from ihofe of 
7 rivers; 
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rivers: they are liable to many accidents which the 
others are not, and of a different nature. Thefe accidents 
do not become fenfible till -many years after their con* 
ftruclion, and are better prevented in time than remedied 
when they happen. I have long lived in a country fa- 
mous for its navigable canals, and have been much em- 
ployed, under the eyes of the government of it, upon that 
fubjecT:. I only mention this to mew, that I have not un- 
dertaken to treat a fubject to which I am an utter ftranger. 
There are, moreover, many confederations concerning 
the laws of motion in rivers and canals in general, the 
velocity of their currents in proportion to the quantity of 
their declivity, and the means of afcertainkig therefrom 
the refpective heights of the interior parts of continents, 
which merit the attention of a natural philosopher, i 
fhall venture to offer my thoughts and obfervations (fome 
of which, I believe, are new; on all thefe fubjects in the 
enfuing Differtation, which I fubmit entirely to the judg- 
ment of the Royal Society, and fhall efteem myfelf 
happy if I fueceed in it, fo as to be of any ufe to my 
<xnintry, and to be able to teftify, at the fame time, my 
profound refpect and veneration to you, dear sir, and to 
the illuftrious body over which you prefide* 

Vol. LXIX. 4 D SEC- 
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SECTION I. 

Different ufes for which canals are made, with an account 
of the principal authors who have wrote concerning 
them. 

i . Artificial canals are to be confidered in a double 
light; as facilitating commerce by means of internal navi- 
gation, and as preventing inundations by carrying off the 
too great abundance of water from low and flat coun- 
tries, fuch as are Holland, Flanders, Sec. In tliefe laft' 
named countries they ferve at once for both purpofes ; 
and it is in this double light that I fliall confider them in 
the enfuing difcourfe. If canals for draining have fluices 
upon them, particularly at the end whereby they dif- 
charge their waters, as is univerfally the cafe in the Low 
Countries, they differ in no wife from navigable canals : 
it they have nothing to fuffain their waters in them, they 
are to be confidered in every refpecl: as rivers or rivulets, 
and follow the fame laws. It muff, therefore, be care- 
fully kept in mind, that whenever I mention canals, I 
mean thofe only whofe waters are kept up by fluices, 
and never thofe without them, which I include, without 
diftin&ion, under the common appellation of rivers; for 

they 



they are no more than artificial ones. If I miftake not, 
all the navigable canals in England are of the firft fort; 
that is, have their waters kept up, and let off by flukes. 
This neceflary diftinction will take away all ambiguity 
from what I have to fay on canals throughout the fol- 
lowing difcourfe* 

a. But that I may fulfil the teflt I have undertaken, it 
is neceflary firft of all to lay down fuch principles on the 
nature of rivers and canals in general as have been de- 
monftrated true both by calculation and experience; to 
the end, that we may deduce; from thence the true lawsof 
motion of their waters, and the quantity of declivity of 
their beds : for this purpofe, and becaufe a large volume 
would hardly fufHce to comprife all the demonftrations 
of thefe principles, which, confequently, I am obliged 
to omit in this treatife, it will not be amifs to mention the 
principal authors who have treated this fubje<St in dif- 
ferent ages and countries, in whofe works the demon- 
ftrations of all the principles I (hall lay down may be 
found, if any one doubts the truth of them. Thefe are 
the following- 

sextus julius frontinus, de Aquserduftibus Urbis 
Romae, cum Notis poleni, inrpreff. 1722. 

john baptist aleotti, Hydrometrician to the Duke 
of Ferrara, and to Pope clement the VIHth. 

4 D 2 * Don 
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* Don. benedict castelli, Benedictine Abbot, <Je 
Menfura Aqirarum Currentium. 

j. b. baratteri, de Architettura d'Acque, lib, VI* 
Piaccnza, in folio, 1656. 

ALEXANDER BELTINZOLI, of Cremona. 

nicolaus cabeus, in Libris Meteorum. 

GALILEI GALILEO. 

* joh. bapt. BALIANI, dc Motu Liquidoiiim , 

* joh. bapt. riccioli, Geographic etHydrogr aphiae- 
Rcform. libro VI. cc. 2*9. et 30-. 

® CLAUDE MILLET DESCHALES, dc FontibuS et F1.U- 

minibus, a. prop. 39,. ufque ad 56. 

varennius, General' Geography, with Dr. jurin's 
and Dr. s haw's Notes, edit, of 1765, vol, I. from page 
195 to page 358. 

Dr. jurin, in the Philofbphical Tranfactions, N° 355- 
page 748. etfeq. 

MARIOTTE, Traite du Mouvement des Eaux. 

varignon, Memoircs de l'Academie des Sciences de 
Paris, pour 1699 et 1703. 

* Sir Isaac newton, Princip. Matliem. lib. II. § 7.. 
page 3 1 8 et feq. edit. 1726. 

* DANiELis bernouilli, Hydrodynamica, in quarto,, 
Argentorati, 1738. 

3 * DOME- 
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*DOMENiCHK guclielminj, della Natura de Fiumi,, 
Bononiae, 1697, in quarto. Ejufdem de Menfura Aqua- 
rum fluentium, Bononiae, in quarto. 

* joh. eolenus, de GaftelMs efcde Motu Aquae mixto* 
Patavii, 1 697, 1 7 1 8, 1 7 2 3. 

*• raccqlta d'Autori che trattano del Moto dell* Ae- 
que, Fiorenza, 1723, 3 vol, quarto, cum fig. 

j Ac. herma-nnus, in Phoronomia, cap 10. page 226.. 
et feq. 

Christ, wolf, Curf. Mathera.. Hydraulicae, cap. VI.. 
edit. Genevas, in quarto,. 174a. 

M. I>e buffon, fur les Fleuves, dans fon Hiftoire Na- 
turelte^ torn. H. p. 38 — 100. de la t ere edit, en 1 2mo. 

Several Memoirs upon this Subject in the Collection 
of the Royal Academy of Sciences of Paris, particularly 
tshofe of M, mtot, in the volumes for 1730 and 1732. 

s'gravesande, in Elementis Phyficse, torn. I. lib. II. 
cap. to. 

"* r. p.- lecch* sv j. JEfydroftatica, Mediolani,, 1765. 
In this excellent work are feveral. pieces by Father bos- 
covigh upon the fame fubjecl;.. 

* stattleri Phyfica, vol. III. p. 232 — -286. de curfu; 
Fluminum, ejufque Menfuratione et Dire&ione. Aug., 
VindeL 1772, 8 vol. in octavo. This author gives many 
late obfervations and experiments on the motion andi 

meafure 
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meafure of currents, as thofe of zendrini, himenii, 

8cc. 

Two other authors have lately wrote upon rivers 
and canals, but their, vworks are not yet come to my 
hands; to wit, 

Father frisi, an Italian Barnabite, Frofcflbr of Mathe- 
matics at Milan. 

M. de la LAN BE* ©f the Royal Academy of Sciences 
at Paris, who has juft published a Hiftory in folio, with 
plates, of all the Navigable Canals in the World that 
have come to his Knowledge. 

Among the above authors, thofe marked with an 
afteriik (*) are they who have treated the fubjeel: in 
queftion with the greateft exattnefs or moft extent; and 
it is from them chiefly that I mall lay down fuch princi- 
ples and laws of action in rivers and canals as regard the 
fubjelt I have taken in hand. By this means I mall 
avoid advancing any thing upon fo important a matteY, 
b«t what is founded upon the moft certain and exact ex- 
periments, and conformable to what are demonftrated to 
be the real and unalterable laws of nature. 



SEC- 
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SECTION II. 

&he: theory of rivers and canals, 

I. DEFINITIONS* 

3. A river is a greater or lefier quantity of water 
which runs conftantly,by its own gravity, from the more 
elevated parts of the earth, towards thofe which are 
more deprefled,in a natural.bed or. channel open above. 

4. If. this bed or channel is artificial, and has been 
dug by handset is called a canal, of which there are twa 
kinds; :thofe where the channel is every where open, and 
without flukes, which I call an artificial river ', and thofe. 
where the waters are kept up or let off by the means of 
flukes : it: is this fecond fort which I fliall. call helices- 
forwards by the proper name of a canal. 

s,..A river is f aid toperfeveremtbefamejiateio long 
as there runs off an equal quantity of. water in the fame, 
time, without any increafe or diminution, fo that it re- 
mains always at the fame height in the fame place. 
When the circumftances are different from this, it is faid 
refpeclively that a river increafes or diminijbes. 

6. Afe&ion of the bed of a river or canal is a plane 

drawn perpendicular to the bottom of the bed and to the 

a direction- 
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direction of the ftream of water, and whofe limits are 

thofe of the water itfelf which runs off in that place. 

7 . I call fedlions of equal velocity, all thofe where the 
water runs with equal velocity ; ^n^. fedlions of greater or 
lejjer velocity., thofe where the water runs fafter or flower 
refpe&ively, and when compared to others. 

8. I call mean velocity of a current or ftream of wa- 
ter, that which a river or canal would have, if all the 
parts thereof, to wit, thofe of the bottom, the fides, the 
-middle, and the furface of the fame fe&ion, ran with art- 
equal velocity, in fuch a manner that there would pafs juft 
as much water in the fame time by this uniform motion, 
as there does now actually pafs by the irregular flowing" 
of the ftream. 

ill. propositions, or laws of aclion in rivers and canals. 

9. The motion of water in rivers proceeds from the 
fame principle which produces the defcent of heavy bo- 
dies upon inclined planes; 

11. The defcent of heavy bodies upon inclined planes 
follows exactly the fame laws as thofe obierved in the 
defcent of heavy bodies in a perpendicular line towards 
the center of the earth; that is, 

j ft, They defcend by a motion uniformly accelerated. 

adly, The 
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adly, The fpaces, run over by heavy bodies which fall 
perpendicularly by a motion uniformly accelerated, are 
in a duplicate ratio of the times and velocities refpectively. 

3dly, Thefe fpaces, in equal times, augment in the 
fame ratio as the odd numbers in progreflion i, 3, 5, 7, 
9, 11, 8cc. 

4thly, Therefore, both the times and the velocities 
are in z.fub-duplicate ratio of the fpaces run over. 

5thly, It is demonftrated by the principles of mecha- 
nics, that the velocity acquired by a heavy body defcend- 
ing freely upon an inclined plane^ in a given time, is to 
the velocity which the body would acquire in the fame 
time, by falling perpendicularly, as the height of the in- 
clined plane is to its length. 

6thly, From whence it follows, that the velocities 
which bodies acquire in their defcent upon inclined 
planes, are in adirebl ratio of the fquare roots of the quan- 
tity of inclination or declivity of the planes. 

1 1. So that when water flows freely upon an inclined 
bed, it acquires a velocity, which is always as the fquare 
root of the quantity of declivity of the bed. 

12. In an horizontal bed, opened by flukes or other- 
wife, at one or both ends, the water flows out by its gra- 
vity alone; and the flowing is quicker or flower in a di- 

Vol. LXIX. 4 E reel: 
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rect ratio of the refpective heights of the water, by reafon 
of the weight of the fuperior waters upon the inferior. 

1 3. From hence (N° 1 1, 1 2.) it follows, firft, that as 
much as the declivity of the bed or channel of a river is 
greater, fo much alfo will the velocity of the flowing 
waters be proportionably increafed. 

2dly, As much as the water in an horizontal bed is 
deeper, fo much will the velocity of the current be in- 
creafed ; and this velocity will diminifh in proportion to 
the decreasing depths of the water in the bed.. 

3dly, Abftracting from the refinance caufed by the 
bottom and fides of the bed, as much nearer as the water 
is to the bottom, fo much will its motion be accelerated ; 
not only becaufe the inferior waters are more comprefled 
by the fuperior in proportion to their greater depth; but 
alfo becaufe the inferior ones have a greater declivity 
than the fuperior, by reafon of their greater depth in the 
bed, where they are more deprefied with reipect to the 
elevation of their common fource or fpring. But thefe 
different velocities of the upper and lower waters in the 
fame fection of the bed. (abstracting from the friction of 
the bottom and fides) approximate indefinitely to each 
other in proportion to the length of the channel, but full 
without a poflibihty of their ever becoming equal in fact, 
if they met with, no refiftance from the bed. 

14. There* 
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14. Therefore, the motion of water flowing freely in 
an inclined channel, is accelerated by its own weight 
combined with the quantity of declivity in the bed. 

Neverthelefs, the velocity of waters which flow in 
an inclined bed, during their actual flowing, is not acce- 
lerated by the weight which the inferior waters fuftain 
from the fuperior ones, in cafe the lower parts have al read y , 
by the declivity of the bed, a greater velocity than that 
Which the weight of the fuperior ones imprefles upon 
them. Thereafon of which is, that nobody which follows 
another with a lefler velocity can a6t by impulfion upon 
that which precedes it with a greater velocity, as is the 
cafe with regard to thefe fuperior and inferior waters. But 
the weight of the upper waters begins to accelerate the 
lower as foon as they fall Into an horizontal bed, or one 
that is fo nearly horizontal as to deftroy the greater velo- 
city of the lower waters above that of the upper, 

15. The velocity of rivers depends fometimes upon 
the fole declivity of their beds; fometimes alfo upon the 
fole gravity of their waters : and if thefe two caufes fome- 
times a& together, the effeft producedis only the refpeo 
tive excefs of the one. above the other. It often happens 
in the fame fe&idn of a river, that the acceleration of 
telo&ty iathe-infeiior parts proceeds from the weight of 

4 E a the 
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the upper waters, while that in the upper parts proceeds 

from the declivity of the bed. 

From whence it follows, that in rivers which have 
little deelivity, it is the depth of the waters which con- 
tributes moft to accelerate their current; and in thofe 
whole beds have moft declivity, it is the defcent of gra- 
vity upon an inclined plane which has the greateft fhare. 
in producing this acceleration. 

To find whether the water in a part of a rive* where 
the bed is nearly horizontal flows by the velocity ac- 
quired in the preceding declivities, or by the compref- 
fion of the upper waters upon the lower in that place; a* 
pole muft be thruft down to the bottom, and held per- 
pendicular to the current of the water, with its upper 
end above the furface: if the water fwells and rifes im- 
mediately againft the pole, it (hews that its flowing is by. 
virtue of a preceding declivity : if, on the contrary, the 
■water flops for fome moments before it begins to rife 
againft the pole, it is a proof that it flows by means of 
the compreflion of, the upper waters upon the lower, 

16. The abfolute height or elevation of the furface of 
a river which perfeveres in the fame ftate (N° 5.) conti- 
nually decreafes, as the diftance in the river, from its 
fource increafes; by reafon that its bed muft continually, 
incline and tend towards the center of the earth. 

17. The 
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r7. The velocity of each particle of water in a regu- 
lar channel, that is, where the bed is a regularly inclined 
plane, may be determined by drawing a perpendicular 
from the particle propofed to the horizontal curve which 
pafles through the fpring,. or that point of the river 
where the particle in queftion begins to acquire its velo- 
city. For the velocity which this particle would acquire, 
in falling freely along the faid perpendicular, is the fame 
as that which it has acquired in its defcent along the in- 
clined plane of its bed.. 

18. So long as a- river perfeveres in the fame Jtate. 
(N° 5.). there flows an equal quantity of water in equal 
times, how unequal foever the fections be through 
which, they flow;, and, confequently, where the fection 
of the river is greater, the velocity of the flowing water- 
is lefs; and where the fection is lefs, the velocity is 
greater; always in an inverfe proportion. From hence 
may be deduced the following and other fimilar prapo~ 
fitions. 

ift, Through equal fections, in equal times, and with 
equal velocity, there muft flow equal quantities of water. 

adly, Through equal fections, in equal times, but 
with unequal velocities, the quantities of water which 
flow, are in a direct ratio of the refpective velocities. 

3dly, Through: 
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3<Jly, Through unequal fe&ions, in equal times, and 
with equal velocities, the quantities of water which pafs 
4re in a direct ratio of their refpeftive fe&ions. 

4thly, Through unequal fe<5tions, and with unequal 
velocities, the quantities of water which flow in equal 
times, are in a combined ratio of the fections and mean 
velocities (N° 8.) together. 

In a word, the fe&ions of the bed, the mean veloci- 
ties, the times ot flowing, and the quantity which flows, 
are univerfally in a combined ratio together; and this 
'combination is what is called the momentum of a river % 
and this momentum of tbe fame flowing water is univet- 
fatty equal. 

19, From hence may eafily be deduced the principles 
For calculating the quantity of diminution of the watef 
in a lake, pond, or veffel, by any determinate flowing* 
wftatfoever i for as the furface of the lake, &c. is to the 
fe&ionof the current which carries off the waters; fo is 
the mean velocity of the current in this feclion to the 
decreafe of the waters in the lake, 8cc and vice verfd* 
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III. On the nature of rivers and flowing 'waters. 

10. Rivers contain divers inherent caufes of the ac- 
celeration of their motion. 

i.ft, Their fprings are either in mountains or on high; 
grounds, and it is by the defcent of the waters from thefe 
elevations that they acquire a velocity and acceleration of 
motion fufficient to fuftain and propagate it. through the. 
reft of their courfe.. 

adly, The cohefibn of the particles of a fluid,, in a 
bed ever fo' little inclined,, is a fecond caufe of accelera- 
tion of motion in the fluid; becaufe, by their mutual at- 
traction, thofe particles which begin firft to flow draw 
after them thofe which are contiguous, thefe the follow- 
ing, .and fo. on ad infinitum* 

3dly,, Moreover, where a river, by flowing in abed 
nearly horizontal, has loft a great part of the velocity 
which it had acquired in the preceding declivities, and 
the bed by this means is become large and (hallow, which 
confequently again augments the flownefs of the cur- 
rent; it may, however, recover a part of its velocity, 
even in the fame horizontal bed, by augmenting the 
depth thereof, and diminishing its breadth; for by this 
means the weight of the fuperior waters upon the infe- 
7 rior 
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rior is increafed, and confequently the velocity of the 
whole is augmented (N° 13, 1 8.)- In the fame manner 
a junction of rivers in the fame bed, by excavating and 
deepening it, augment the velocity of the common cur- 
rent, as we fhall mew more particularly hereafter. 

ai. On the other hand, flowing waters meet with 
many powerful caufes of refiftance to their motion, 
which tend continually to diminifh their velocity. Such 
are the following: 

ift, The attraction and continual friction of the bot- 
tom and the fides of the bed, contribute greatly towards 
retarding the motion of the water. 

adly, The fame effect is produced likew ife by the 
many obftacles which they meet with in their way ; fuch 
as inequalities in the bottom and fides of the channel, 
banks of fand and mud, rocks, trunks of trees, and other 
fuch things. 

3dly, The many windings and angles made in their 
courfe, which produce fo much the more refiftance and 
hindrance to the motion of the water, as the courfe 
varies more and oftener from a right-line. 

4thly, The diminution of their declivity the farther 
they recede from their fprings; this being generally the 
leaft towards their mouths, which are for the molt part 
in extenfive plains. 

Finally, 
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Finally, the natural cohefion of the particles of Water 
in an horizontal bed contributes to retard its motion pre- 
cifely by the fame force which contributes to accelerate 
it in an inclined bed. By diminiihing or taking away the 
above obftacles to the free motion of water in rivers and 
canals, the velocity of their currents will be increafed in 
the. fame proportion, and thereby alfo all the dangers and 
ravages of inundations may be prevented, as we mall 
ihew hereafter. 

But if fome or all of thefe caufes> in a greater or lefler 
degree, did not exift in rivers of confiderable depth and 
declivity, it is demonftrated f '\ that the velocity of their 
currents would be accelerated to twelve, fifteen, and, in 
ibme cafes, even to twenty times more than it is atpre- 
fent in the fame rivers, whereby they -would become ab- 
abfojutely unnavigable. 

22. The waters in a river or open canal have their 
motion accelerated, fo long as the effects proceeding from 
gravitation, declivity, depth, in a word, folong v&tbefuW 
of accelerations furpajes the fum of rejiftances. 

When thefe different fums become equal to each 
other, the motion of the water is neither acceleratednor 
retarded, but remains equal, till fomething anew deftroys, 
the equilibrium. 

(a) Vide lecchi, Hydroftat. et stattleri, Vhyfic. toift. III. p. 252. 

Vol. LXIX, 4 F When 
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When the fum of lefiftances and caufes of ^retardation 
is greater than the fum of accelerating caufes, the velo- 
city of the river is diminiflied in proportion to' the excefs. 

23. The percuffim of the waters of a river againft art 
obftacie which is oppofed to their motion, is the a£tion of 
the waters ftriking againft that obftacie ; and the prin- 
ciples for calculating the quantity of this percufiion, or 
the effects which any obftaeles whatever produce in the 
motion of rivers, by known forces, and in determinate 
times, are as follows : 

1 ft, The percufiion of the water of a river againft any 
obftacie whatever is univerialiy in a compound ratio of 
the quantity of the plane or planes which the obftacie 
oppofes to thecurreBt of water, of the fine of the angle- 
of incidence which the direction of the current m*ake£ 
with thefe planes, and of the fquare of the velocity of 
the faid current. 

sdly, The refiftance, therefore,, which the bed of a 
Hirer oppofea to its current from any particular obftaeles 
in it, is in a compound ratio of the magnitude and fitua- 
tion of the planes of thefe obftaeles, together with the 
fquare of the carrentfs velocity in the place where thofe 
obftaeles a»e found. 

3dly,. The accelerating force of a river. Or that 

by which kfurmounts the refiftanceof its bed in any one 

% place, 
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place, compared to that in another, is in a compound ratio 
of the mafs of water and of the velocity of the current 
in thofe places refpe&ively. 

24.. I0 different parts of the fame river, the velocity 
of the current is greater in a dire& proportion of the 
greater declivity of the bed ; becaufe the relative gravity 
of the flowing particles augments in that ratio. 

45. But in the fame fe&ion of a river, the fuperior 
parts, and thofe which are fartheft from the bottom and 
the fides, will continue their courfe by the fole caufe of 
the declivity of their bed, how little foever it be\ becaufe 
tfoefe waters not being retarded by the fri&ion of the 
bottom and fides of the bed, or hardly by any other ob* 
ftacle whatever, the kqft foffible devimrm frem a level 
mil produce a current. But the waters at the bottom of 
a river, both becaufe of their fri<Skion againft it, and of 
the irregularities which are almoft every where found in 
it, will lofe that little motion which a very fmall declivity 
can give them, and their motion in that cafe will be pro* 
duced alone by the compreffion of the fuperior waters 
upon them 

The inferior waters which thus acquire their motion 
from the weight of the fuperior ones upon them, com* 
municate reciprocally a part of their motion, by means 
frf ; thenatural coheuon of the particles together (N° a o .) 

4 F % to 
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to the fuperior ones, which in an horizontal bed,, with- 
out this caufe, would have no other- motion than that 
which is imprefled upon them by the impulfive force of 
the waters defcending from their elevated fprings. 

From whence it appears, that the fuperior and inferior, 
waters in ariver communicate reciprocally a part of their, 
motion to each other; but this can never go beyond a. 
Gertain point or maximum., which is always proportion- 
able to the momentumoi the river in that place (W 1 8*).r 

It, follows from hence,,that the greateft velocity of a- 
river, running in- a right-line^ is in the center of' its fec~ 
tion (N° 6.); that is to fay, in that point which is the 
fartheft poflible from the furface of the water and. from 
the bottom and fides of the bed, all taken together. This* 
part has the advantage of one half of the depth of wa- 
ter prefling upon it, and it is exempt from the friction, 
of the bottom and fides of the bed which are there over-* 
come and- vanifh by the perpendicular compreflion. 

On the contrary, the leaft velocity of the water is at 
the bottom and fides of the bed, becaufe it is there that 
the refiftance produced by fridlion is greateft, from, 
whence it is- communicated to- the other parts of. the fec- 
tion.in an inverfe duplicate proportion of tie dijlances from 
the bottom and fides combined together, until it becomes a 

negative 
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negative quantity, where the effect vanishes, or is re- 
duced to nothing. 

a6. The belt and moft iimple method of meafuririg 
the velocity of the current of a river or open canal, that 
I know of^is the following: 

Take a cylindrical piece of dry, light wood, and of a 
length fomething lefs than the depth of the water in the 
river: round one end of it let there be fufpended as many 
fmall Weights as 'may be neceflary to keep up the cylin- 
der in a-perpendicular fituation in the water, and in fuch 
a manner that the other end of it may jiift appear above 
the furface of the water. Fix to the center of that end 
which appears above water a fmall and ftraight rod, pre— 
cifely in the direction of the cylinder's axis; to the end, 
that when the inftrument is fufpended in the water, the 
deviations of the rod from a perpendicularity to the fur- 
face of it may indicate which end of the cylinder ad- 
vances the fafteft, whereby may be difcovered the dif- 
ferent velocities of the water: at different depths ;;for if 
the rod. inclines forwards according to the direction of 
the current, it is a proof that the furface of the water 
has the greateft velocity ; but if it inelines back, it mews 
that the fwifteft current is at the bottom ; if it remains 
perpendicular, it is a fign that the velocities at the fur- 
face and bottom are equal. 

This 
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This inftrument being placed in the current of a river 
or canal receives all the percuflions of the water through- 
out the whole depth, and will have an equal velocity with 
that of the whole current from the fur face to the bottom 
at the place where it is put in, and by that means may 
be found, both with eafe and exa&nefs, the mean velo- 
city of that part of the river for any determinate diftance 
and time. 

But to obtain the mean velocity of the whole fe<5lion 
of the river, the inftrument muft be put fucceflively 
both in the middle and towards the fides, becaufe the ve- 
locities at thofe places are often very different from each 
other. Having by this means found the difference of 
time required for the currents to run over an equal fpace ; 
or, the different dijlances run over in equal times, the mean 
proportional of all thefe trials, which is found by dividing 
the common fum of them all by the number of trials, 
will be the mean velocity of the river or canal. 

If it be required to find the velocity of the current 
only at the furface, or at the middle, or at the bottom, a 
Iphere of woodj of fuch a weight as will remain fiaf- 
pended in equilibrium with the water at the furface or 
depth which we want to meafure> will be better for the 
purpofe than a cylinder, becaufe it is only affe&ed by the 

water 
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water of that fole part of the current where it remains 
fufpended. 

It is very eafy to guide both the cylinder and the globe 
in that part which we want to meafure,by means of two 
threads or fmall cords, whif h two perions muft hold and 
direct, one on each fide the river; taking care at the fame 
time neither to retard nor accelerate the motion of tfed 
inftrument. 

Several other methods have been invented for deter- 
mining the velocity of the currents of rivers and canals, 
which may be feen in moil of the authors enumerated 
m. the beginning of this eflay (N° 2.) 

fV\ Jpplicatfon of the preceding laws of the deceUrdtftfi 
and retardation of currents to rivers and canals in ge- 
neral,, from whence are deduced the various means of 
preventing or remedying the defecls and inconveniencies 
which mttfi necejfarify happen to them in d firies of 
years* 

27. By combiniiig together all we hav« faid hitherto 
ttponthe nature and theory of motion in rivet^andpaf- 
tieulariy in the articles 13. 18. 20. 21. and? »3 At follows* 
evidently,, that the de&per the waters are in tifeir fed* 
in proportion to its breadth, the more their motion, is ac~ 

(tolerated $ 
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celerated\ fothat their velocity increafes in an inverfe. ratio 
of the breadth of the bed ? and alfo of the greatnefi. of the 
fe£lion\ from whence are, deduced the two folio wing 
univerfal practical rules : 

ift, To augment the velocity of water in a river or 
canal, without augmenting-; the declivity of the bed, we 
muft increafe the. depth and diminijb the breadth of its 
bed. 

adly, But to diminilh the velocity of, water in a river 
or canal, we muft, on the contrary, increafe the. breadth 
and diminijb the depth of its bed. 

The above proportion is perfectly conformable to-ob- 
fervation and experience ; for it is conftantly feen, that 
the current is the fwifteft where the waters are deepeft 
and the breadth of the bed the leaft; and that they flow 
floweft where their depth is the leaft and the breadth of 
the bed the greateft. i( The velocity of waters," fays 
M. de buffon fiJ , " augments in the fame proportion as 
" the fedtion of the channel through which they pafs 
" diminifhes, the force of impuljion from the back-waters 
" being fuppofed. always the fame. Nothing," continues 
he, "produces fo great a diminution in the fwiftnefs of 
" a current as its growing ftialknv; and, on the contrary, 
u the increafe of the volume of water augments its 

(b) Hift. Nat. torn, II. p. 53. 60. edit, in i2mo. 
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M velocity more than any Other caufe whatever. The 
celebrated wolf, in his Hydraulics^ 7 , affures us, that 
" it is a conftant and univerfal pra&ice, for accelerating 
u the current of waters, to deepen the bed, and at the 
u fame time to render it narrower:* 

1 8. When the velocity which a river has acquired bv 
the elevation of its fprings and the impulfe of the back- 
water, is at laft totally deftroyed by the different caufes 
of refiftance which we have enumerated above (N* si.) 
becoming equal or greater than the firft, the bed and 
current at the fame time being exactly horizontal, no- 
thing elfe remains to propagate the motion, except /be 
fole perpendicular comprejfton of /be upper waters upon 
the lower , which is always in a direct ratio of their depth. 
But this neceffary refource, this remaining caufe of mo- 
tion in rivers, augments in proportion as all the other di- 
minifh, and as the want of it increafes: for as the waters 
of rivers in extenfive plains loffe the acceleration of mo- 
tion acquired in their defcent from their fprings, their 
quantity accumulates in the fame bed by the juricTiOh of 
feveral ftreams together, and their depth increafes in 
confequence thereof. This jun&iori and fucceffive accu- 
mulation of many ftreams in the fame bed, which we 
fee univerfally in a greater or left degree in all rivers 
throughout the known world, and which is fo abfolutely 

(c) N. 224. 
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neeeffary to the motion of their waters, can only be at- 
tributed, fays Signor guglielmini fi) , to the infinite wif- 
dpm of the fupreme Author of Nature. 

39. The velocity ot flowing waters is very tar from 
being in proportion to the quantity of declivity in their 
bed: if it was, a river whofe declivity is uniform and 
double to that of another, ought only to run with dou- 
ble the fwiftnefs when compared to it ; but in effect, it is 
found to have a much greater, and its rapidity, inftead of 
being only double, will be triple, quadruple, and fomer 
times even more : for its velocity depends much more on 
the quantity and depth of the water, and on the com- 
preflion of the upper waters on. the lower, than on 
the declivitv of the bed. Confequently, whenever the 
bed of a river or canal is to be dug, the declivity muft 
not be diftributed equally throughout the whole length; 
but, to give a fwifter current to the water, the declivity 
muft. be made much greater in the beginning of its 
courfe than towards the end where it difembogues itfelf, 
and where the declivity muft be almoft infenfible, as we 
fee is the cafe in all natural rivers; for when they ap- 
proach near the fea their declivity is little or nothing, 
yet they flow with a rapidity which is fo much greater, 
as they contain a greater volume of water : fo that in 

(d) Delia Natuxa de Fiumi. 
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great rivers, although a large extent of their bed next the 
fea mould be abfolutely horizontal, arid without any de- 
clivity at all, yet their waters do not ceafe to flow, arid to 
flow even with great rapidity, "both from the impulfibn 
of the back Waters, and from the compreflion of the up- 
per Waters upon the lower in the fame fe&ion. 

30. Whoever is well acquainted with the principles 
of the higher geometry, wilt eafiiy perceive that it would 
be no difficult matter fo to dig the bed of a canal or ri- 
ver, that the velocity of the current Jbould be every where 
equat. It would be only giving it the form of a cUrve 
along which a moving body mould recede from a given 
point, &nd deftribe /pates every 'where proportional to the 
AnieSy allowance being made therein for the quantity of 
effecYoi the compreffion of the tipper waters upon the 
lower.This curve is Whatis caBed the Horizontal Ifochrome, 
being the flatteft of an infinity of others Which would 
equally anfwer the problem where fluids were not con- 
cerned. Upon thefe curves may befeenLEiBNrTz,HUYG- 
hens, and trie two BERNOtriLti's, who were the firft that 
determined and analyfed them, and alio many fuceeed> 
ing geometricians, if any one is denrous to occupy him* 
lelf in foch fpeculations as are more curious than* ufeful, 
whieh is not my purpofe in ^iis treatifei 

4 G a .31. Not- 
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31. Notwithstanding -all we have faid concerning the 
neceffity of augmenting the depth of a river in a greater 
proportion than its breadth, if we would accelerate its 
current; yet it is certain, tha^ this can only be done to a 
certain point, without deftroying that equilibrium which 
ought to reign between the depth and the breadth of the 
fc&ion of the ftream, and thereby putting the river into 
a-ftate of continual violence, which will incefiantly exert 
itfelf to the defixuction of the banks ' and wiers made to 
keep it in, and that action will always exert itfelf in a 
direct ratio of the greater or lefs want of equilibrium, as 
it would be eafy to demonftrate by the principles of hy- 
draulics. Thefe fame principles give HkeWife the juft pro- 
portions of this equilibrium between the perpendicular 
and lateral compreffionof the water in any river car 1 canal 
whatfoevef, which vary in an inverfe proportion* accord* 
ing to the different degrees of the declivity and velocity 
off the current; and in a direct one of the greater or left 
coherence and hardnefs of the fubftancea whkh com- 
pofe the bed* Rivers which flow in beds corapofed of 
homogeneous matter of little confiftency, fuch asfand y 
8cc. are always more broad than deep, when compared to 
thofe which run in beds of matter of greater tenacity *. It 
is manifeft, that the equilibrium here, fpoken of is real, 
4 becaufe 
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becaufe rivers remaining in the fame ftate only widen 
their beds to a certain pitch which they do not furpafs. 

32: M.. de BUfiON remarks, " That people aeeuf- 
" tomed to rivers can eafily fpreteli when there is going; 
" to be afudden increafe of water in the bed from floods 
u produced byfadden falls of rain in the higher countries . 
'< through which the rivers pafs* This they perceive by 
" a particular motion in the water> which they exprefs 
"in their dialed}, by faying that tie rivers bottom moves; 
" that is, the water at'the bottom of a channel runs off 
** fafter than ufualj and this increafe of motion at the, 
'-'-.. bottom; of the river always announces a fudden in- 
** create of water jcoming down the ftream. Nor does 
f* their opinion therein," continues the fame author, 
** feem to be? Ungrounded oa the nature of things; for 
"the motion and weight of the waters coming down, 
" though not yet-arrived, muft a<£t upon* the waters in 
** the i©w*rpa*ts of the river, audi communicate by im- 
<* pulfion partof their motion thereto ; jfince a canal or 
'•* river contained in its bed is to be confidered in fome 
* degree as a column of water contained in a long tube, 
** where the motion is communicated at once throughout 
** the whole length^ In a river or canal, open above, it 
is only communicated to a certain diftance ; that is, as far 
as the impulfive force of the new increafe and fuperior 

rapidity 
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rapidity of the back-waters ads upon the ftream, which 
will always be as far as till this force is gradually, and at 
laft wholly, deftroyed by the fuperior gravitation of the 
iuper*incumbent waters in the ftream. Something of the 
fame kind happens when a very great additional weight 
comes fuddenly upon the furface of a river or canal; for 
inftance, by the launching of a fliip or of feveral boats 
together upon it. Theffe caufes increafe the velocity of 
the water In the lower parts of the bed, and moreover 1 
retard its motion at the fofrface, which effect may pro- 
perly be called making the river's bottom move. For 
the fame reafon, the increafe of weight of the waters 
in a fudden flood, as well as the increafe of their impul- 
sive force, muft contribute to produce this effect, and, by 
increafing the motion in the bottom of the river, may 
hinder, for fome fpace of time, the ftream from fenfibly 
riling in the bed. 

33. All obftacles whatever in the bed of a river or 
canal, fuch as rocks, trunks of trees, banks of fand and 
mud, 8cc. muft necenarily hinder proportionably the free 
running off of the water? for it is •evident, from what we 
have faid, that the waters fo far back from thefe obfta- 
cles, until the horizontal level of the bottom of the bed 
becomes higher than the top of the obftacles, muft be 
itotirely kepi up and hindered from running off in pro- 
portion 
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portion thereto (N° 230- Now as the waters muft con* 
tinue to come down from their fources* if their free run- 
ning off is hindered by any obftacles whatever, their re- 
lative height back from them muft neceflarily be increafed 
until their elevation, combined with the velocity of their 
current proceeding from it, be arrived to fuch a pitch at 
the point where the obftacles exift, as to counterbalance 
the quantity of oppofition or impediment proceeding 
from thence, which frequently does not happen until 
all the lower parts of the country round about are laid 
under water* 

34. Now it is certain from all experience, that the 
beds of rivers and canals in general are fubject to fome 
or others of the obftacles above mentioned. If rocks or 
trees do not bar their channels, at leaft the quantity of 
fand, earth, And mud, which their- ftreams never fail to 
bring down, particularly in floods, and which are un- 
equally depofed according to the various windings and 
degrees of fwiftnefs in the current, muft unavoidably, in 
courfe of time, fill up, in part, different places in the 
channel, and thereby hinder the free running off of the 
back waters. This is certainly the cafe, more or lefs, in 
all rivers* and in all canals of long ftanding, as is 
notorious to all thofe well acquainted with them. 
Hence, if thefe accidents are not carefully, and with a 

conftant 



5'8 l 8 Mr. mann's 1'reatife 

coriftant attention prevented, come inundations, which 
fometimes lay wafte whole diftricts, and ruin the fineft 
traits of ground, by covering them with fand: hence 
rivers become unnavigable, and canals ufelefs, for 
the purpofes for which they were conftructed. Canals, 
in particular, by reafon that their waters for the moft 
part remain ffagnantin them, are ftill more liable than 
rivers to have their beds fill up by the fubfiding of mud, 
andithat efpe'eially for fome diftance above each of their 
iiuices;tinfomuch, that af continual carets not taken to 
prevent it, or remedy it as often as it happens, they will 
foon become incapable of receiving and paffing the fame 
veffels as formerly. Nay, the very flukes themfelves, if 
the floors of their bottoms are not of a depth conform- 
able to the bed of the canal, will produce the fame acci- 
dents as thofe we have been fpeaking of; for if they are 
placed too low, they will be continually filling up with 
fand or mud; if too high, they have the fame effect as 
banks or bars in the bed of a river, that is, they hinder 
all the back-waters under their level from running off, 
and foon fill up the bed to that height by the fubfiding 
of mud. This effedt is much accelerated by the fhutting 
of the lower *fluices, which makes a great volume of 
water reflow back to thofe next above them, till the 
whole is filled and 'becomes ftagnant. Now it is evident, 

that 
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that this ftate of things muft" contribute far more to the 
fubfidency of mud and all other matters brought down 
by the waters in canals, than can be the cafe in rivers 
whofe currents conftantly flow. 

35. I do not fuppofe that thefe inconveniencies can 
have yet manifefted themfelves by any very fenfible ef- 
fects in the many new canals and fiuices lately conftructed 
in England ; but as the fame caufes do not ceafe to act 
more or lefs every where, the effects which neceffarily fol- 
low from them will likewife become more and more fen- 
iible, unlefs continual care be taken to prevent them. 
The waters of all rivers and canals are from time to time 
muddy: then- ftreams, particularly during rains and 
floods, carry along with them earth and other fub- 
flances which fubfide in thofe places where their cur- 
rents are the leaft, whereby their beds are continually 
railed : fo that the fucceflive increafe of inundations in 
rivers, and of unfitnefs for navigation in canals, when 
they are neglected and left to themfelves, is a natural and 
neceflary confequence of the ftate of things, which no 
intelligent perfon can be at a lofs to account for; and yet 
I have known whole countries remain in this habitual 
itate of negligence to their very great detriment. 

36. Having thus fhewn the principal accidents which 
rivers and canals are liable to, with the caufes of them, I 

Vol. LXIX, 4 H fhall 
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fhall proceed to point out the raoft efficacious methods of 
preventing them, or at kaft of diminifhing their effects. 
Perhaps it would have been more proper to have deferred 
doing this till I mould have faid all I have to fay upon 
the nature of rivers and canals : however, I fhall forego 
the more fcientific order of things, for the fake of 
bringing the means of remedying the accidents and 
inconveniences which happen,, nearer to the caufes 
that produce them, whereby their connexion and effi- 
eacity may be better judged of. For this end, I mail 
here lay down, briefly and in general terms, the methods 
moft proper for the purpofe in queftion. They flow im- 
mediately from the principles already laid down in this 
effay, and do not heed many words to make them com- 
pleatly underftodd. 

37'. A work of this kind, if it is properly conducted, 
muft be begun at the lower end of the river or canal;, 
that is to fay, at that end where their waters are dif- 
charged into the fea, or where they fall into fome other 
greater river or canal, from whence their waters are car- 
ried off without farther hindrance. If it is a river whofe 
bed, by being filled up With mud, fand, or other obfta- 
cles, and by being otherwife become irregular in its 
courfe, is thereby often fubjecl: to inundations, and in- 
capable of internal navigation,, the point, from, which 
3 the 
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the work mull be begun and directed throughout all 
the reft of the channel, is from the loweft water-mark 
of fpring tides on the more at the mouth of the river; 
or even fomething below it, if it can be done; though 
this part will foon fill up again by the fand, mud, 8cc. 
which the tides ceafe not to roll in. 

If it is a canal whofe bed is be to dug anew, or one al- 
ready made, which is to be cleaned and deepened from 
the fea fhore or fome large river back into the country, 
and where no declivity is to be loft ; as is the cafe in all 
flat countries : the work muft be begun, and the depth of 
the whole channel directed, from the low water-mark of 
fpring tides, if the mouth is tp the fea, or from fuch a 
depth in the channel of the river, if the canal falls into 
one, that there may be fuch a communication of water 
from the canal to the river, in all filiations of the cur- 
rent, as may let boats freely pafs from one to the other. 
This, of courfe, muft alfo direct the depth of the floor of 
the laft fluice towards the mouth of the canal, be it to the 
fea or into a river. If the bottom or floor of a fluice al- 
ready conftru&ed be too low, it will foon fill up with fand 
or mud, and thereby hinder the gates from opening, un- 
lefs it be contimxally cleaned out; if, on the contrary, 
this floor be too high, and in a canal whofe natural de- 
clivity is too little for the free current of the water, as is 

4H2 generally 
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generally the cafe in Holland and Flanders, all depth of 
the bed of the canal below the horizontal level of the 
bottom, of the fluice will ferve to no- manner of purpofe^ 
either for navigation, or for carrying off the back-waters, 
bxit will fbon fill up with mud, in fpite of all means ufed 
to the contrary, except that of digging it continually 
anew to no manner of purpofe; as is evident from the 
reafbns given above (N* 33. 34.). 

38. Setting off from this determinate point, at the 
mouth of a river, or at the bottom of the lafl fluice upon 
a canal, which are to be cleaned and deepened j the work 
mufl be carried on, in confequence, uniformly through- 
out their whole courfe backwards into the country as far 
as is found neceffary for the purpofes intended. This is 
to be done after the following manner r 

lft, One mufl dig up and carry away all irregularities 
in the bottom and fides of the bed, fuch as banks of fand 
and mud, rocks, flumps or trunks of trees, and whatever 
elfe may caufe an obflaele to the regular morion of the 
water, and to the free paffage of veffels upon it. 

adly, If the declivity of the bed mould be ftiH. too 
little to give a fufficient current to carry off the water as 
often and as faft as is neceffary, the whole bed itfelf mufl be 
regularly deepened, and what is dug out from the bot- 
tom mufl be laid upon the fides, to render it narrower in 

proportion 
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proportion to it* depth. The reafbn ofthis is evident 
from all that has been faid. 

gdl-y, Wherever the banks are too low to contain the 
ftream in all its fixations, they niuft- be . fufiiciently 
raifed; which May be conveniently done with what is 
dug out from the bed: and the whole being, covered 
with, green, turf will render thefe banks firm and 
folid againft the eorrofion of the water. It is proper at 
all times- to lay upon the banks what is dug from the- 
bed, by which they are continually ftrengthened againft 
the force of the current. 

4thly, It is- often neceflary to diminifh the windings 
and finuofities in the channel as much as poflible,. by 
making new cuts- whereby its courfe may approach to- 
wards a right line. This, is a great refource in flat counr 
tries mbje& to inundations; becaufe thereby all the de- 
clivity of a great extent of the river, through its turns 
and windings, may be thrown intoafinall fpace by cut- 
ting anew channel in a ftrajght line ;.as may generally 
be done without obftacle in fuch countries as I am fpeak- 
ing of, and hereby the velocity of the current will be 
very greatly augmented, and the back-waters carried off 
to a furprizing degree, as is evident from what is faid 

above iisuN a^ 
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5thly, Wherever there is a confluence of rivers or ca- 
nals, the angle of their junction muft be made as acute 
as poffible, or elfe the worft of confequences will arife 
from the corrofion of their refpective ftreams; what 
they carry off from the fides will be thrown into irregu- 
lar banks in the bottom of the bed. This acute angle of 
junction may always be procured by taking the direction 
at fome diftance from the point of confluence* 

6thly, Wherever the fides or banks of a river are lia.- 
hie to a more particular corrofion, either from the con- 
fluence of ftreams, or from irremediable windings and 
turns in the channel, they muft be fecured againft it as 
much as poffible by weir s : for this corrofion not only 
dfeftroys the banks, and alters by degrees the courfeof 
the river, but alfo fills up the bed, and thereby produces 
all the bad effects we have fpoken of above m N° 33. 
34. &c. 

7thly, But -die principal and greateft attention in dig- 
ging the beds of rivers and canals muft be had to the 
quantity and form of thiir declivity. This muft be done 
uniformly throughout their whole extentyor fo much of 
it as is Tieceflary for the purpofes in hand, according to 
the principles laid down above (in N? 29 and 30.) Gon- 
formable thereto, the depths of their beds, and of the 
floors of their fluices, at the mouths whereby they dis- 
charge 
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charge their waters, being fixed according to what we 
have faidin N° 37. the depth of the reft of the beds, and 
the quantity of declivity therein, muft be regulated in 
confequence thereof fo as to increafe regularly the quan- 
tity of declivity in equal fpaees the farther we recede 
from their mouths, and proceed towards their fources on 
to the part where the regular current is to take place.. 

If the depth and volume of water in a river or canal 
is considerable, it will fumce, in the part next the moutn, 
to allow one foot perpendicular of declivity through fix, 
eight, or even> according to deschales (i, f ten thoufand 
feet in horizontal extent; at moft it muft not be above 
one in fix or feven thoufand. From hence the quantity 
©f declivity in equal fpaees muft flowly and gradually in- 
creafe as far as the current is to be made fit for naviga- 
tion; but in fuch a manner^, as that at this upper end 
there may not be above one foot of perpendicular declivity 
in four thoufand feet of horizontal extent. If it be made- 
greater than that in a regular bed containing a confider- 
able volume of water, the current will be fo ftrong as to 
be found very unfit for the purpofes of navigation^, as 
will appear hereafter, when I come to inveftigate the 
quantity of declivity in feveral rivers, the degree of 
fwiftnefs of wbofe currents is well known.. 

(d) De Fomibas et FlwrJis, grop. 49. 

39- X 
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39. 1 dare boldly affirm, from tbetsartaia ptitm- 
ples of hydrodynamics laid down in this eflay, that if the 
above mentioned things (N° 37. 3$.^ were earned into 
execution in a proper manner; the velocity :«£ currents 
and the acceleration of motion -of the waters in rivers, 
and in canals when their fluices are open, might be in- 
creafed to any degree that can be required for opening 
fheir beds, and for preventing inundations dsarmg great 
rains or fudden floods: by carrying off more fwiftly<he 
great acceflion of water which then takes place. It 
would not be difficult, by thefe means, to inoreafe 
the velocity of the ettrrent to double and triple: .what 
it is in rivers and canals, whofe beds for a long fpace of 
time have been left to themfelves. There is not, per- 
haps, a country on earth but what might be freed from 
inundations by thefe means. But it may be objected, that 
if all I have advifed was put in execution, even in. the 
flatteft countries, the currents of rivers (for canals ftrat up 
with fluices are here out of the queftion) would become 
incommodious; if not unfit, for navigation, especially 
againft their ftreams. This objection would be of weight 
if it was not evident that the various means which 1 have 
pointed out may be executed in whole or in part, to a 
certain degree, and no farther than neceffary for the par- 
jpofes required. But, as it is certain that a ftrong and 

regular 



m BSversand Canals. 597 

regular jcurrentin driver is tb* beftof all means for keep- 
ing it open and deep, and for preventing the formation 
of hanks in, the bod by the fubiidency of mud, $cc. which 
it does not allow time to precipitate; I leave it to be v £on- 
fidered, whether it is better ft* have afree and open navi- 
gation fomething. incommoded by the .ftrength of the 
current, or to have foon no navigation at all, without re- 
peatedly digging the bed anew* 

40. Ifhall not here enter into the mechanical , part 
of the methods of. digging and cleaning canals, rivers, 
and fea ports, or into any defcription of the ma- 
chines and kaftruraents aecofiary for that puroofe. 
The fubje£t would lead me much, too far,: befides 
all thefe things may be found much at. length, in 
moft of the authors who have wrote upon hydrauUc- 
archkecture, fkch as barateerl, corneup, meyeri, 
GUG^iELMmi, and a notorious anonymous French pla- 
giary, who has taken from meyjeri * without ever naming 
him, almoft all that is contained in his. book* published 
at Paris in 169.3, and at Amfterdam in 1696,. in ocfavo, 
under the title of -fraite des Moyens de repdreJes RivUtes 
navigable* \ But the author wko has treated ,lJb*s.fubje& 
withthegreateftcare,andmoftatlength,is the cele bra t ed 
behdor, in his Arcbite&ure tfydroulique^ val4n quarto. 
To thefe may be added a late memoir of »Mt eqrkaet qf 
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Rouen, vice-architecT: of the French navy, which gained 
the prize of the Royal Academy of Sciences and Belles 
Lettres of Mantua, for having given the beft folution of 
a problem propofed by that Society in 1776, in the fol- 
lowing terms: " To indicate the beft and cbeapeft method 
* ( of freeing navigable canals from banks of fand and 
" ear tb formed in their beds which render them toojhal- 
" low." This piece, printed at Mantua, by Pazzoni, in 
1778, contains fixty.-three pages in quarto, and is di- 
vided into two parts; the firft contains the means of 
preventing the formation of banks in navigable canals; 
and the fecohd offers divers methods for remedying 
them when they are already formed. For this purpofe 
the author propofes fix different machines of his own 
invention : the firft may be employed in rivers near the 
fea, and fubject to the ebb and flow of the tides; the fe- 
cond may be ufed in thofe where the waters are always 
nearly of the fame height and velocity ; the third and 
fourth are to be ufed in thofe places where the violence of 
the currents corrode the beds ; and the two laft ferve to 
break up the banks of fand or earth formed in the bot- 
tom, and to carry off all heterogeneous bodies funk in 
the river, which caufe an obftacle to the current. It 
would be difficult to give a juft idea of thefe machines 
without the help of the fix plates which accompany the 

piece ; 



on Rivers and Canals. 599 

piece; but as this production, of a foreigner has been 
crowned in Italy, the country of all others in which, from 
all antiquity, the fcience of rivers and canals has been 
rpqft cultivated, we cannot well doubt of its merit, or that 
it is worthy of a tranflation into our own language, 

V. Other cdnjiderations on the nature of rivers and 

intrndafiotis. 

4.1. Rivers flowing along plains, as well as through 
vallies, have naturally their beds in the loweft part of the 
ground comprized between the oppofite hills or moun- 
tains;: neverthelefs, the furface of the water of a river in 
the midft of a plain is often higher than the furface of 
the grounds adjacent to the banks of the river. This 
proceeds from the continual fubfiding of the mud, 8cc. 
brought down by the ftream during floods; the waters 
in that cafe ufuahy overflowing the banks fpread them- 
felves oyer the plain* where they lofe a great part of the 
fwiftnefsof their current, which contributes greatly to the 
fubfiding of the mud they contain; fo that the farther 
they flow upon the plain, the clearer they grow, and the 
lefs rej&ains to.fubfide. From hence the greateft preci- 
pitation pf mudmuft be in the parts of the plain neareft 
the ftdes of the river, which in length of time will raife 

4 I a thefe 
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thefe grounds above the reft of the plain. Again, the 
waters in the bed itfelf depofing inceffantly a part of the 
mud, 8cc. brought down by the ftream, muft continually, 
though infenfibly (for a long fpace of time) raife the 
channel and banks of the river above the reft of the 
plain. Thefe caufes may at laft contribute to the form- 
ing of an intire new bed for the river; for as all rivers 
carry down in their ftreams more or lefs mud and other 
heterogeneous matters, which do not fubfide regularly 
in all parts alike, but muft precipitate fafteft where the 
current is floweft; there muft accumulate by little and 
little in thefe parts fuch banks of fand and mud, as will 
in time hinder the current of the waters, make them re- 
flow, and at laft totally change their direction. 

Canals, are ftill more fubjeft than rivers to have their 
beds raifed and their currents flopped by thefubfiding of 
mud and heterogeneous matter in different places, and 
efpecially juft above their flukes ; becaufe of the fudden 
ftagnation of the water which firft begins there as often 
as the flukes are fliut : and as there is a neceffity for 
keeping them for the moft part fhut, the ftagnating wa- 
ters in their beds muft precipitate their mud, &c. in a 
much greater proportion than can be done in the cur- 
rents of rivers, which are in a continual motion towards 
the fea. 

42. I 
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42. I call center of the current, or, more properly, line 
of great current ',that line which paffes through all the Sec- 
tions of a river, in the point where the velocity of the current 
is the greater of all. We have feen above (N° a 5.) that if the 
current of a river is regular, and in a right line, its center 
Or line of greateft velocity will be precifely in the center 
of the fedions (N° 6.): but, on the contrary, if the bed 
is irregular and full of turns and windings, the center or 
line of greateft current will likewife be irregular, and 
often change its diftance arid direction with regard to the 
centers of the fedions through which the waters flow, 
approaching fucceflively, and more or lefs, to all parts of 
the bed, but always in proportion and conformably to the 
irregularities in the bed itfelf. 

This deviation of tbeline of greatejl current from the 
centers of the fedions through which it pafles, is a caufe 
of many and great changes in the beds of rivers, fuch as 
the following : 

1 ft,. In a ftraight and regular bed, the greateft corro- 
fion of the current will be in the middle of the bottom 
of the bed; becauie it is that part which is neareft to the" 
line of greateft current, and at the fame time which is 
mo ft aded upon by the perpendicular compreffion of 
the water. Iff this cafe, whatever matters are carried off 
from the bottom will be thrown, by the force -of the 

current, 
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current, equally towards the two fides, where the velocity 
of the flream is the leaft in the whole fe&ion. 

2dly, If the bed is irregular and winding, the line of 
greateft current will be thrown towards one fide of the 
river, where its greateft force will be exerted in propor- 
tion to the local caufes which turn it afide : in fliort turns 
of a river there will be a gyration, or turning round of 
the ftream, by reafon of its beating againft the outer fide 
of the angle ; this part will be corroded away, and the 
bottom near it excavated to a great depth. The matters, 
fo carried off, will be thrown againft the opppfite bank of 
the river where the current is the leaft, and produce a 
new ground, called an alluvion. 

3dly, Inequalities at the bottom of a river retain and 
diminifh the velocity of the water, and fometimes may 
be fo great as to make them reflow : all thefe effects con- 
tribute to the fubfiding of fand, earth, and other matters 
thereon, which ceafe not to augment the volume of the 
obftacles themfelves, and produce fhallows and banks in 
the channel. Thefe in time, and by a continuance of 
the caufes, may become iflands, and fo produce great and 
permanent changes and irregularities in the beds of 
rivers. 

4thly, tbe percujjions of the center of the current againft 
the fide of the bed are fo much the greater as they are 

made 
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made under a greater angle of incidence; from whence 
it follows, that the force of percuffion, and the quantity 
of corrofion and of detriment done to the banks and 
weirs of rivers, and to the walls of buildings made therein, 
and which are expofed to that percuffion, are akoays in a 
direSl compound proportion of the angle of incidence, of the 
greatnefs and depth of the feSJion together, and of the 
quantity of velocity of the current, 

5thly, It may happen in time, that the excavation of 
the bottom, and the corrofion of the fides, will have fo 
changed the form of the bed as to bring the force of per- 
cuffion into equilibrium with the velocity and direction 
of the current; in that cafe, all farther corrofion and ex- 
cavation of the bed ceafes (N° 31.) 

6thly, This gives the reafon why when one river 
falls into another almoft in a perpendicular direction, and 
makes with it too great an angle of incidence, this di- 
rection is changed in time, by corrofions and alluvions, 
into an angle much more acute, till the whole comes 
into equilibrium. 

7thly, So great and fuch continued irregularities, from 
local caufes, may happen in the motion of a river, as will 
intirely change its ancient bed, corrode through the 
banks, where they are expofed to the greateft violence of 

percuffioa 
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percuffion of the ftreairij and open new beds in grounds 

lower than what the old one is become. 

8thly, Hereupon the ftate of the old bed will entirely 
depend on the quantity of water, and on the velocity and 
direction of the current in the new one; for immediately 
after this divifion of the waters into two beds is made, 
the velocity of the current in the old one will be dimi- 
niilied in proportion to its lefs depth. In confequence 
thereof, the waters therein will precipitate more of their 
mud, See. in equal fpaces than they did before; which 
will more and more raife tip the bottom, fometimes even 
till it becomes equal With the fur-face of the ftream . In 
this cafe, all the water of the. river will pafs into the new 
bed, and the old one will remain intirely dry. It is well 
known, that this has happened to the Rhine near Ley- 
den, and to many other rivers. 

9thly, Hence the caufe of the formation of the new 
branches and mouth, whereby many great rivers dif- 
charge their waters into the fea. 

43. But in proportion as a river, that has none of thefe. 
objiacks in its bed, approaches towards its mouth, we fee 
the velocity of its current augment, at the fame time 
that the declivity of the bed diminilh.es, the catifes of 
which have been explained above (N° a 9,). It is for this 
reafon, that inundations are more frequent and confi- 
1 derable 
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derable, and do more damage in the interior parts of .a 
country, than towards the mouths of moft rivers. 

In the Po, for example, the height of the banks made 
to keep in the waters diminifhes as the river approaches 
to the fea. At Ferrara they are twenty feet high ; whereas 
nearer the fea they do not exceed ten of twelve* feet, al- 
though the channel- of the river is not larger in one place 
than in the other, 

44. The mouths of rivers, by which they discharge 
their waters into the fea, are liable to great variations, 
which produce many changes in them. 

1 ft, The velocity and direction of the current at thefe 
mouths are in a continual variation, caufed by the tides, 
which alternately retard and- accelerate the ftream. 

adly, During the flowing of the tide, the current of the 
river is firft ftopped, then turned into a direction intirely 
contrary throughout a considerable extent; if we may 
believe M. de buffon, there are rivers in which the 
effect of the tides is fenfible at 150 or aoo leagues front 
the fea. 

3dly, This ftate of things is a caufe of a great quan- 
tity of fand, mud, 8cc. being precipitated and accurau* 
lated in the channel near the mouth. This €»htinually 
raifes and widens the- bed, and at laft changes itiirtfireiy 
into a new place, or at leaft opens flew mouths to dif- 
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charge the waters at. The Rhine, the Danube, the 
Wolga, the Indus, the Ganges, the Nile, the Miffifippi, 
and many other rivers,- are inftanees of this. 

4thly r All thefe effe&s are lefs fenfible at the mouths 
of little rivers, as their currents oppofe no fenfible obfta- 
cle to the flowing of the tides; fo that the ebb carries ©ff 
again what the flow had brought in. 

45 . Whenever the courfe of a river throughout a conr 
derable extent of country approaches towards a right 
line^ its current will have a very great rapidity; and the 
velocity wherewith it runs diminifhing the effect of its 
natural gravitation, the middle of the current will rife 
up, and; the furface of the river will form a convex curve 
of fufficient elevation to be perceived by the eye; the 
higheft point of this curve is always directly above tie 
line ofgreatefl current in the ftream., 

On the contrary, when rivers approach near enough 
to their mouths for a fenfible effect to be produced in 
them by the flowing of the tides; and alfo when in 
other parts of their courfe they meet with obftacles at the 
fides of their channel: m both thefe cafes the furface of 
the water at the fides of the current is higher than in the 
middle, even though the ftream be rapid. In this fitua- 
tion of things, the furface of the river forms a concave 
curve, the loweft point of which, or that of inflexion, is 
3 directly 
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directly over the line of greatejl current. The reafou 
thereof is, that there are in this cafe two different and 
oppofite currents in the river; that whereby the waters 
flow towards the fea, and prefefve their motion therein 
even to a confiderable diftance; and that of the waters 
which remount, either by the flowing of the tide, or by 
their meeting with local obftacles, which form a counter 
current, fo much the more fenfible as the flowing of the 
tide is ftronger, or as the percuflion of the water is made 
again ft greater obftacles, and in a direction nearer to a 
perpendicular to them. From both thefe caufes, the 
greater of which by far is that of the tides, the water near 
the fides of the channel, where the velocity of the de- 
fcending ftream is naturally the leaft (N° 25), takes a 
contrary direction, and runs' back in the river, while that 
in the middle continues to flow on towards the fea. 
This counter current is what the French call a remous. 

An ifland in the middle of a river produces the fame 
effect as obftacles at the fides, regard being had to the 
difference of fituation of each. 

Eddies and whirlpools in rivers, in the center of which 
there appears a conical or fpiral cavity, and about which 
the water turns with great rapidity and fucks ill whatever 
approaches it, proceed in general from the mutual per- 
cuflion of thefe two coxmter currents ; and the vacuity in 

4 K 2 the 
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the middle is produced by the action of the centrifugal 

force, whereby the water endeavours to recede, in a direct 

ratio of its. velocity, from the center about which it 

moves. 

46. If rivers perfevered ahvajs nearly in the 
fame ftate (N° 5;) the beft means of diminifhing the 
velocity of the current, when it is found too great for 
the purpofes of navigation, would be by widening the ca- 
nal : but as all rivers are fubject to frequent increafe 
and diminution, and confequently to very different de- 
grees of velocity and force in the current, this method 
is liable to produce very detrimental effects ; for, when 
the waters are low, if the channel is very large in pro- 
portion, the ftream will excavate a particular bed, which, 
according to the irregularities of the bottom, will form 
various turnings and windings with regard to the princi- 
pal bed ; and when the waters come to increafe, they will 
follow, to a certain degree, the directions which the bot- 
tom waters take in this particular bed, and thereby will 
ftrike againft the fides of the channel, fo as to deftroy the 
banks and caufe great damages. 

It would be poffible to prevent in part the bad effects 
proceeding from the current ftriking againft the banks, 
by opening, at thofe places where it ftrikes, little gulfs 
into the land, dug in fuch a form and direction as that the 

ftriking 
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Striking current Should enter and circulate therein, fo as 
to deftroy* or at leaft greatly diminifh, its velocity. This 
effect would be felt for a considerable way down the 
river. 

This fame method might probably be ufed with fuc- 
cefs againft the deftruction of bridges, weirs, fee. by the 
violence of the ftream during floods. Such gulfs being 
dug into the outer fide of thofe turnings in the river 
which are immediately above the place to be fecured 
from the violence of the ftream, would fucceffively di- 
minilh its velocity, its force and dangerous effects, a con- 
siderable way down the river. It is true, this method 
might contribute to produce an overflowing of the river 
upon the grounds adjacent to thofe artificial gulfs, this 
being a natural confequence of the decreafe of the velo- 
city of the current in thofe places; and it would remain 
to be confidered whether thofe local inundations, or the 
danger of definition of the bridges or edifices in the 
river, were the leffer evil. 

47. The nature of inundations, and the manner of 
their formation, merit a particular attention in this 
place. 

While the volume of water in the bed of a river in- 
creafes, the velocity of the current increafes in propor- 
tion, as has been repeatedly Shewn above (N° 1 3. 18. 20. 
4 *3- 
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23. 27. 28. 29.). But from the moment that part of 
this water overflows the bed, the velocity thereof begins 
to diminifh (N° 41.) and does fo more and more, the 
farther it flows and fpreads on the plain. So that the 
overflowing being once begun, it is a natural confe- 
quence, that the inundation lliould continue for feveral 
days; for though the volume of water brought down by 
the flood during that time mould decreafe, yet, as the 
quantity of what runs off decreafes likewife, from the 
great decreafe of velocity in what overflows the plains, 
it will continue to produce the fame effect as if the vo- 
lume of water coming down had not diminifhed, until 
the whole of the ftream be every where contained again 
within the bed of the river. When that is become the cafe, 
the waters that have overflowed the plain will decreafe 
thereon, by gradually and flowly running off, and alfo by 
evaporation, till they Wholly difappear. If this was not 
fo, we fhould fee rivers overflow for an hour or two, 
and then return again within their beds, a thing con- 
trary to general observation; for we conftantly fee inun- 
dations, once begun in flat countries, laft for feveral days 
together, although in the mean while the rain ceafes, 
and the quantity of water coming down diminishes. This 
muft be the cafe, becaufe as the overflowing diminifhes 
the velocity, and confequently the quantity of water 

carried 
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carried off, it has the fame effect as if a greater quantity 
itill continued to come down. 

It may not be ufelefs to remark here, that what we 
have often faid in this effay becomes evident from thefe 
obfervations on nature, as well as from the principles 
laid down in it; to wit, that the moft dire& and effica*- 
eious method of preventing inundations is by deepening 
the bed and raifing the banks of the river. 

It may likewife be obferved, with regard to inunda- 
tions, that if the wind blows directly contrary to the cur- 
rent of the river, the overflowing will be greater than it 
would have been otherwife, becaufe this accident dimi- 
nishes the velocity of the ftream: but, on the contrary, 
if the winds blow in the fame direction with the cur- 
rent of the river, the inundation will be lefs than other- 
wife, and fooner at an end; becaufe this accidental caufe 
augments the velocity of the ftream* 

VI. On the confluence of rivers, and } on the Separation of 
the fame river into divers branches ana \ mouths y with 
the effeSIs thereof upon the velocity of currents t inunda- 
tions, &c. 

48. AH great and long rivers receive into their beds> 
many others of different magnitude throughout the ex- 
tent 
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tent of their courfe. This is evident to every one who 
only cafts his eyes over a map. The Rhine and the t»o> 
in particular, receive each, above one; hunsire&rotliers 
great and frnall; the Danube above two hundred^ the 
Wolga as many j the river of Amazons receive&into itrvaft 
bed a prodigious number,: fbme of which are five of fix 
hvindred leagues in length and are "of fuch a depeh and 
breadth as would make them* eSewhepe pafs lor capital 
rivers. M. v£ buffon <l * gives a lift of the more confi- 
derable of thofe which fall into other great rivers 
throughout th,e Mown world. Many curious particulars 
may be feen in varenjus^ General Geography, parti, 
chap. xvi. concerning riverS; bur of a nature which 
does not enter into my plan. The works themfelves afe 
in every body's hands, and may be confuked by thofe 
whopleafe. 

This confluence of 'riwrs is fo-n^ceflary for propagai* 
ing the motion of the water throughovit a long courfe, 
and for. renewing a nd accelerating from time to time, its 
velocity, wbifih otherwife would be too greatly <ftmi- 
nifhed by the refiftance of fo many obltactes as they 
meet with in their way, that, as we have faid, above (N° 
28.) after Signor guglielMini, it can only be attributed 

(e) Hift. Nat. torn* II. p. 75, 76. 
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to the infinite wifdora of the Author of Nature, in the 
original difpofition of things. 

49. Wehavefeen above (N° 18. 217. a8.)thattnein- 
creafe of a river or canal by the new waters which it re- 
ceives, is univerfally in an inverfe ratio of the new velo- 
city which is acquired therefrom. If this velocity is greater, 
the increafe of the fection of the new ftream will be lefe 
in proportion, and vice verfd. It follows from hence, 
that it.is poflible for one river or open canal to fall into 
another river or open canal -of equal magnitude with it- 
felf, and yet the fe&ion of the current in the common 
bed after their confluence fhall be no greater than it 
was ineach of them before their jun&ion. It is certain 
that this will be the cafe as often as the confluence of the 
two augments the velocity of the common currentin thefkme 
proportion, with the increafe. of the volume of waters I both 
the greater rapidity of the current, and .thegreater volume 
of water in the bed after the junction, ferving to deepen 
it in proportion to its- breadth, will contribute towards the 
above effect. Another caufe will likewife add thereto ; 
to wit, that inftead of the refiftance from the attracMon, 
friction, and other obftacles, in two beds, which give two 
bottoms and four fides, there are, after the confluence, 
only thofe of one bed, of one bottom and two fides; 
Moreover, the center of the fe&ion in the common bed 

Vol. LXIX. 4 L is 
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ia farther from the bottom and fides thereof, than it is in 
the feparate beds. All thefe caufes, in proportion to their 
refpe&ive quantities, contribute to accelerate the velocity 
of the common ftream, 

50. It is not lefs certain, that in rivers which bring 
down a great abundance of water> the more the velocity 
and difcharge thereof at their mouths are retarded, and 
diminifhed by the tides,, the winds, the rolling in of the 
lea, 8cc. the more will the back-waters increafe in height* 
and endanger overflowing the inner parts of the coun- 
try. This is evident^ becaufe the decreafe of velocity in 
the current, and the kicreafe of height of all the back- 
waters that are aflfe&ed thereby,, are in a reciprocal in- 
verfe ratio one of another (lee above N° 32.) 

Nature itfelf teaches us a method of preventing, or at 
teaft of.diminifliing, this effect. We lee all great rivers 
overcharged with a vaft volume of water divide, when 
they come near the fea, into different branches and 
mouths,, whereby the fuper-abundanee of their waters<is 
difcharged. This k the cafe with the Scfaeld, the Rhine, 
the Rhone, thePo, the Danube, the Wolga, theEuphrates* 
the Indus, the Ganges, the Nile, the Niger, the Oroonoko, 
the River of Amazons, and with almoft all other great 
rivers. 

7 This 
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This reparation and difperfion of the tOD great quan- 
tity of water into feveral channels is one caufe of their 
feldom overflowing the country near their mouths r/J , 
becaufe it gives a greater depreffion and declivity to the 
furface of the current, and thereby facilitates the run- 
ning down of the waters from the interior parts of the 
country, forafmuch as their beds are every where regu- 
lar and free from obftacles to their current. 

$i» Notwithstanding the apparent oppofition to what 
has been faid in feveral other parts of this treatife, I re- 
peat again, that this divifion and difperfion of the waters 
into feveral branches and channels wb#& there isfucb an 
abundance of it as is Sufficient to keep up the velocity both in 
We old and new channels^ augments the declivity, and 
thereby facilitates the running off of all the back-waters 
from the inner parts of the country, as far as the bed is 
regular and free from obftacles, according to what is 
laid down above CN° 38.). 

But whenever this fuper-abundance of waters, fuffi- 
cient for keeping up the velocity in each channel nearly 
to what it was before the feparation or divarication, ihall 
be |bund wanting, it is certain,, that this divifion and dif- 
perfion of the waters into feveral channels will only ferve 
to dirhinifh the velocity of the current in each, whereby 

(f) Another caufe thereof is pointed out above, N° 43. 

4 L a as 
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as much or more difcharge of the water, andconfequenrly 
of declivity for the running off of the back-waters, may 
be loft, as has been gained by the feparation into dif- 
ferent beds. 

This difadvantage may be eafily remedied in thofe 
new channels and moxiths of rivers which are dug by 
hands, and have flukes placed in them at the point of 
feparation from the original bed; for thefe fluices of 
communication need be opened only when there is a 
fuper-abundance of water in the river, fufficient to keep 
up the velocity in each of the channels ; at other times 
they may be kept fliut, and the waters retained in their 
original bed. 

5 2. It was for this purpofe, of preventing the damages 
proceeding from immoderate inundations, that the an- 
cient Egyptians dug vaft lakes, and. made £o many canals 
and fluices of communication between the Nile and thofe 
lakes, and from thence to the fea; that they might 
thereby be able to difcharge the waters into thofe refer- 
voirs if they came down in too great abundance, or let 
them off again from thence upon the land, if the quaiv* 
tity of the natural inundation at any time was lefs than 
what was neceflary for the good of the country. By thefe 
means ancient Egypt was always matter of its waters* 

1 It 
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It is well known that it rains feldom in that country, 
and that the Nile by its regular inundations waters thd 
land, by bringing down upon k the rains and melted fnow 
from the high mountains of Abyflinia. herodotus - r * 
and modorus siculus (i J. have left us deferiptions of 
the immenfe labours of the inhabitants to govern and 
multiply fo beneficent a river,, the -particulars whereof 
are too well known to be repeated in this place. By 
thefe means- Egypttbecame the granary of the world for 
above two thoist^ind- years, and reimburfed, with im*. 
menfe advantage, thefirft expences.. 

Ri«ciGHLi^a(Rires us, that the ancientPerfians did- the 
fame thing with regard to the Euphrates, an<Wbr the fame 
end. He r adds y moreover, Sic ubi Cyrus Gangem in J&* 
veos 4"6o difperjit, Minora dumna ex Gangis alluviomdm 
eampi perpejji Junt'y but I am. totally at a lofs to find npori 
what authority he grounds this kft affertion, for I never 
read that any cyrus penetrated as far into. India as- the 
mouth of the Ganges, much lef& reigned fo long oveir 
that country as 60 perform the vaft work which ric~ 
«flOi.ifpeaks>ofv 

(g) ThTib.Il; 

(h) Biblioth. 1. II. c. 1, 

(/j Geogr. et Hjdrogr. I. VI. cap-xxix. p. 248, 249. 
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pliny w fays, with regard to the different mouths of 
the Po, Omnia ea ftumina fojfafque primi a Sagi fecere 
tfbufci, egejlo amnis impetu per tranfverfum in Atriano" 
rum Paludes, qua Septem Maria appellantur. Thefe 
feven lakes difeharged their waters inro the fea by 
feven mouths, which pliny names in the fame place. 
All this was apparently done that the river might do 
lefs damage to the adjacent countries by its frequent in- 
undations, pliny adds, His fe Padus mifcet, acper bac 
ejfitnditw t plerifque^ ut in Mgypto Ni/us, quod vocant 
Delta. 

To thefe examples, drawn from ancient hiftory, might 
be added many modern ones, if the things in queftion 
had need of further proofs. Thus, both nature and the 
experience of a long feries of ages teach us, that the fe- 
paration of a river into feveral beds, by new branches 
and- months, is a means of 'diminishing inundations in 
the inner part of the country ; but that this takes place 
only when there is a fufficient abundance of water in the 
river to fill the new beds and channels fo far as to prevent 
the velocity of the currents therein from being notably 
diminished from what they were before the divifion. 

/*; Hift, Nat. 1. III. cap. x?i. 

SEC 
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SECTION II. 

Laws of the meeting of oppofite currents, with the appli- 
cation of them to Jiuices. 

53. When two equal currents of homogeneous fluids 
meet in oppofite directions, there is firH a fwelling and 
rifing up of them at the point of rencounter; then 
follows a revulfion and counter current of each equally 
hack again,, fo as to bring. the whole to an equilibrium.- 

54. If the two oppofite currents are unequal, either in 
force or in quantity, or in both, there will ftill be a fwel- 
ling, and revulfion of each back, again, but it will be 
diminifhed in the greater current, and augmented in the 
Iefler r by the quantity by the which the one furpafles 
the other; and the point of rencounter of the two cur- 
rents will have a flow and progreflive motion in the di- 
rection of the ftronger, the degree of velocity thereof 
being always in a direct ratio of the forceand quantity 
of the one above the other, 

55. If the fluids in oppofite currents be not homoge- 
neous, as is the cafe between fea and river water, that 
which has the leaft fpecific gravity will fwim upon the 
other, and continue to follow its firft direction, until 

fncfr 
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fuch time as the heavier fluid (hall have communicated 
its motion to all the parts of the lighter. But the lighter 
fluid will not lofe its former motion and direction at 
once, but in a decreafmg feries, the law whereof mil vary 
according to the greater or lefs difference of fpecific gravity 
in the two fluids, until the whole of the lighter has ac- 
quired the velocity and direction of the heavier which 
buoys it up. 

The time andfpace required for a greater current of 
fait water to communicate its motion and direction to an 
oppofite One of frefh water will be but very little, fihce 
they differ in fpecific gravity only T 3 T parts that the fait is 
heavier than the frefh. It would require much greater 
between water and oil, and ftill much more between 
quickfilver and oil, and fo on. The elements redeter- 
mining them in every cafe might be round, by a proper 
number of experiments. 

56. Let the two currents be equal or unequal in 
force and velocity but nearly of the fame fpecific gravity \ 
if we mould fuppofeat the fame time. that their furfaces 
are not upon a level, but that the one is higher thanJthe 
other (as is conftantly the cafe in all flukes that open to 
the fea, except at the moment when the furface of the 
tide is upon a level with the furface of the water in the 
canal behind the fluice); this circumstance entirely 
changes both the cafe and the effects. It is certain, on 

this 
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this fuppofition, that the overplus of velocity and eleva- 
tion in the higher current, though it ihould be the leffer, 
will make the waters in the lower and greater current 
reflow upon themfelves until they come to a level and 
equilibrium with thofe in the upper current; iince 
thefe, by the laws of univerfal gravitation, cannot flow, 
back from a lower to a higher level, but muft defcend 
according to the declivity of the furfaces. If the currents 
are of very different fpecijic gravities, they will come, to 
an equilibrium according to the law laid down above (N° 
55); but their greater or lefler quantity and velocity 
will produce little or no effect in this cafe- 

57. Now as the funning of two currents in oppofite 
directions, after their rencounter, and beyond the limits 
laid down above (N° 55.), is incompatible with, and con- 
tradictory to, the laws of nature, and confequently im- 
poffible ; we may draw this ufeful conclufion, which be* 
comes important during inundations, and efpedally 
during the annual overflowing of the low grounds in 
flat countries; to wit, that if the (luices next the fea 
againft which the tide flows be fhut only a quarter of 
an hour before the. flood has rifen to the level of the 
water in the canal, not a drop of fait water can enter 
the faid canal,, nor even into the fluice itfelf ; becaufe 
both the progreffive motion of the point of rencounter of 

Vol. LXIX. 4 M tbt 
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tbe two currents, and the over-fwimming of the frefli 
water upon the fait, will be always without the fluice and 
towards the fea, fo long as the furface of the tide is below 
the level of the water in the canal. Many fluice mailers, 
for want of knowing or considering this, are accuftomed 
to flrnt their gates next the fea a little after half flood, un- 
der the pretence of preventing by this means the fait wa- 
ter from getting into the canal, and communicating 
thereby with the waters that overflow the low grounds 
in many places during winter, which would be of great 
detriment to the foil. Through this falfe perfuafion, 
they lofe no inconfiderable part of that time every day, 
which they might fafely employ in drawing off the wa- 
ters which overflow and incommode low and flat coun- 
tries almoft every winter and rainy feafon, as is the cafe 
in the Dutch and Auftrian Netherlands. 



SECTION IV. 

Experiments to determine tbe different velocities ', in different 
depths of water, of tbe fame floating body moved uni- 
formly by an equal force. 

58. It is well known already, that for facilitating or 

retarding the motion of boats, &c. in canals, the different 

1 depths 
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depths of the water, above that fimply neceffary to keep 
them afloat, is a thing not at all indifferent. Dr. frank- 
U:N has; already treated this fubject, though perhaps 
not with fufficient accuracy, in a letter to Sir j.ohn 
pringle, written in the year 1769. He proves, how- 
ever, that it is. univerfally known among people accuf- 
tomed to work boats on canals, that there is a confiderar 
ble difference in the fwif tnefs of their motion according 
to the greater or lefs depth of the water therein; 
and that the water being low is of itfelf fufficient to 
retard the motion of a boat, without the keel thereof 
rubbing againft the bottom of the canal. The reafon he 
afligns for it is evident; for a boat cannot advance its own 
length in a canal without difplacing a quantity of water 
equal in mafs to the fpace which the boat occupies under 
the furface of the fluid. The water fo difplaced muft re- 
trograde,, and pafs under, and to the right and left, of the 
boat : fo that the lefs depth and breadth of water there 
is in the channel, the more in proportion it muft rife up 
and weigh againft the boat, and the more difficulty it 
muft find in palling \inder and along fide of it, and ne- 
ceffarilymuft retard fo much the more the motion thereof. 
The refult of Dr. franklin's experiments on this fubjec"V 
may be feen in the letter above mentioned. 

4 M z 59. Mr. 
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59. Mr. needham, Director of the Imperial Academy 
of Sciences at Bruxelles, being of opinion that Dr. 
franklin's experiments were made upon too fmall a 
fcale to draw any very exael: inferences from them, de- 
fired me, at the beginning of the year 1775, to make a 
new fet of experiments upon a much larger fcale and 
with all poffible exadtnefs; I did accordingly, and fliall 
here give a fhort defcription of them. 

I got made, by the (hip carpenters of Nieuport upon 
the Goaft of Flanders, an exa<£t model of a bilander, an- 
fwerable in all its proportions to thofe ufed in the Low 
Countries. Its length was thirty-nine Englim inches, its 
breadth nine inches and a half \ and its depth nine inches. 
Its form both within and without exactly reprefented 
that of a bilander. At each end of it was fattened 
perpendicularly a round and polifhed rod, ten inches and 
and a half in height above the fides of the boat. 

I got made likewife a wooden canal, twenty feet in 
length, thirty-feven inches in breadth, and fixteen inches 
in depth; a fe&ion of which is reprefented in the fol«* 
lowing figure : 
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This form is that of the excavation of the canals in 
Che Low Countries,, and approaches to that of the natural 
Beds of livers inafmuch as they are regular. Here 
AB=37Englifh inches, dc= 16 inches; and the length of 
the whole canal, as- we faid before, was twenty feet. 
z reprefents the fe£tion of a pulley fixed at one end of 
the canal, upon which pafied a fmall cord, one end of 
which was tied to the round rod at the fore part of the 
boat, and at the other end was a piece of lead which 
weighed eight ounces. This ferved for an equable force 
to give an uniform motion to the boat throughout all the 
experiments, x and y are fe&ions of two other cords 
ftr etched parallel to each other at about one inch and a 
half diftance, and reaching from one end of the canal to 
a the 
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the other. The two round rods fixed at the ends of the 
boat, moving within thefe parallel cords, ferved to make 
the boat move in a right line in the middle of the canal, 
without running againft either fide, which it would have 
done without this precaution. The canal itfelf was upon 
an exact level, and one end of it, where the pulley was 
fixed, refted upon the fide of a well twenty-three feet 
deep, twenty of which were above the furfaee of the 
water; which gave fufficient fpace for the free and uni- 
form defcent of the lead-weight and cord running over 
the pulley, as they drew the boat from one end of the 
canal to the other. 

Latts, exactly divided into inches, were nailed againft 
each end of the canal within, to mark the different 
depths of the water in it according as it fhould be aug- 
mented or diminifhed. The outrides of the little boat, 
from its keel upwards, were likewife divided into inches. 
In the infide of the boat was a quantity of fand fufficient 
to fink it to fix inches deep in the water. The common 
loaded bilanders in the Low Countries ufually draw fix 
feet of water. 

Thus the form of the wooden canal, together with its 
breadth and depth, and the form and dimenfions of the 
little boat, together with the depth of water it drew by 
means of its ballaft of fand, exactly correfponded with 

thofe 
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thofe in the real canals and bilanders in the Low Coun- 
tries, an inch in the one anfwering to a foot in the 
other. 

Clofe to the canal, and out of the way of all wind, was 
fufpended a pendulum of fine waxed thread, to prevent 
the variations of the atmofphere from altering its length, 
which from the point of fufpenfion to the center of gra- 
vity in the lead was 39^- Englifh inches, fo that its ifo- 
chronic vibrations were exactly feconds of time. 

60. It was neceffary, in order to render the experi- 
ments exact, that they mould be made at a time when 
the air was perfectly calm; for the leaft breath of wind, 
during the motion of the boat, caufed great variations 
and irregularities in them, which it was absolutely necef- 
fary to prevent, in order to be able to deduce any exact re- 
fults from them. On the contrary, in a perfect calm, the 
times of the paffage of the boat, from one end of the ca- 
nal to the other, were exceedingly regular, as may be feen 
from the table of experiments which I give below. 

By means of the pendulum I was able to meafure 
the times of paflage of the boat along the canal, in all 
the different depths of water, to a third or even to one 
quarter of a fecond. The boat being held faft againft 
the back end of the canal by the hand of an affiftanf, and 
then let go, it was eafy for me to perceive the precife 

inftant 
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inftant of the beginning of its motion, to let go the pen- 
dulum at the fame moment, and to count its vibrations 
till the inftant that the boat ftruck with an accelerated 
force againft the fore end of the canal. As to the weight 
of eight ounces fufpended at the end of the cord, and 
which ferved as a moving force to draw the boat along 
the canal, it was juft as much as fufficed to counter- 
balance the cord, and to put the boat in motion ; lefs 
weight than that would do neither: therefore I was 
obliged to ufe fo much, notwithstanding the cohfiderably 
accelerated motion It gave to the boat. 

This is the whole mechanifm of the inftruments I 
tiled for the experiments in queftion, and fUch wei« thS 
precautions I judged it neceflary to ufe for making them 
with fcrupulous exa&nefs. 

In the following table, which confifts of twelve co- 
lumns, the firft of them contains the different depths of 
water at which the experiments were made; the ten follow- 
ing ones contain ten different experiments made at each 
depth of water in the canal ; and the' twelfth or laft co- 
lumn is the reduction of the ten others to a mean pro- 
portional or mean refult of the whole, which is mfeconds 
of time. 
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Table of experiments made to afcertain the times of 
paffage of the boat along the canal, or its different 
degrees of velocity, in different depths of water. 



Depths of 
Water. 


ift 

Exp. 


2d 
ditto 


3d 
ditto 


4th 

ditto 


St" 
litto 


6th 
ditto 


7th 
ditto 


8th 
ditto 


9th 
ditto 


10th 

ditto 


Mean ■ 
Refults. 


Inches 
15 


11 

H\ 


11 
Hi 


Hi 


Hi 


n 
Hi 


11 
Hi 


Hi 


IS 


Hi 


11 
Hi 


4f 


H 


14I 


15 


t5 


i5i 


15 


IS 


Hi 


Hi 


'5 


15* 


15 


13 


'Si 


15! 


'Si 


151 


151 


151 


15J 


151 


'5* 


i5l 


151 


12 


i6i 


16 


16 


'Si 


16 


15! 


16 


16 


>6 


16 


16 


It 


i6| 


17 


17 


ill 


i6i 


l 7 


!6| 


i6| 


.6| 


16I 


l6J 


IO 


17 


1 8 wind 


17 


174 


17 


i7l 


i7i 


•17 


17 


17I 


V7i 


9 


i8.f 


»8f 


18 


'9 


19 


18 


18 


i8f 


18 


,8i 


i»i 


8 


20 


20 


20| 


20 


20 


20 


20 


«9l 


zo 


.20 


ao 


7 


2 3i 


23 


22§ 


23 


a 3 


*3 


23 1 


23i 


23 


23 


23 


6| 


In the experiments made with this depth of water, the 
. boat often touched the bottom. 


30 by 

fuppofitior, 



It may be obferved with regard to the laft column of 
the above table, which contains the mean refults or 
mean quantities of time which the boat takes to pafs 
from one end of the canal to the other in different depths 
of water, that it is given for the fake of deftroying thofe 
little differences which are inevitable in practice; and it 
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ihcws, as nearly as poflible, what the true time of paf- 
fage ought regularly to be when nothing happens to dif- 
turb it. 

It is alfo highly worthy of remark, that the mean 
refults contained in this laft column form a feries ofnwn* 
bers regularly increajing as the depths of water, wherein 
the refpeSlive- experiments were made, regularly decreafe; 
fo that the different velocities of the floating body are in an 
inverfe ratio of the refpe&ive depths of the water in which 
it floats with an equal impulflve force, and that according 
to the law of the above feries. This, perhaps, may fur- 
nifti elements to calculate, pretty near the truth, the dif- 
ferent velocities of veffels upon canals and rivers with 
different depths of water in all other cafes whatfoever. 
As to the conchifions to be drawn therefrom in practice, 
and in the common ufes of life, they are too obvious to 
need mentioning, here. 

SECTION Y. 

On the quantitity of declivity in rivers. 

62. Abftra&ing from all refinance and friction, fluids, 

fuch as water, defcend upon planes let them be never fo 

little inclined towards the center of the earth : and the 

5 velocity 
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velocity of defcent increafes in a compound ratio of the 
increafe of the mafs of water, and of the greater declivity 
of the plane which ferves for its bed (N° 13.)' 

63. Water, though unaffected by any cornpreflion. or 
impulfion from above, cannot remain immoveable in any 
bed whatever except that which makes a curve perfectly 
eoncentrical with the terreflrial curve; but in this, being 
every where equally affected by the force of gravitation, 
ft will remain without motion any way, 

64.it follows from hence, that the fprings and fources 
of all rivers muft be at a greater diftance from the center 
of the earth than one femwliameter thereof, which is 
terminated at the furface <of the fea; without which the 
waters could not run to the river's mouth. 

65. Therefore, the abfolute elevation of the furface 
of rivers is continually diminifhed as they recede from 
their fprings, becaufe of the neceffary declivity of the 
beds of xivers towards the center of the earth ; for with- 
out fome degree of this declivity the waters could not 
run at ail, as has been faid above (N° 6a. 63.). 

66. The declivity of the beds of rivers cannot be a 
right line making a rectilinear angle with that horizontal 
plane which, being continued, would interfect their re- 
fpe&ive fources ; but> if it is regular, it muft be a curve 
Which differs, very little from that of the earth's furface, 

4 N 2 and 
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and this, if the direction is in the parallels of latitude 
due Eaft and Weft, is fpberkal; but in all other direc- 
tions it is a portion of an oblate e//ipjis, on account of the 
earth's being a fpheroid eompreffed by its axis. Now the 
horizontal plane which continued panes through the 
fprings of rivers, is always a tangent to the curves of 
their beds at the point of inflexion, infomuch as thefe 
are regular. 

67. The quantity of abfolute declivity from the fpring 
in any determinate part of a river, is that perpendicular 
line drawn from the point of greateft current in that 
place till it meets the curve eoncentrical to the earth's 
Jurface which pafles through the river's fource. The de- 
clivity of the bed below the fpring is had by taking the 
fame perpendicular from the bottom of the bed; as that 
of the river's furface is by taking the perpendicular from 
thence. 

68. If a. plane be extended horizontally every way 
from the point of tangency to the earth's furface, or from 
the point where it is perpendicular to any radius of the 
earth, water will run from every other part of the plane 
towards that faid point which is nearer to the center of 
the earth than any other point in the whole plane. 

69. The depreffion of the curve of a river's bed, below 
the concentrical-terreftrial-curve which inter/eels its 
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fource^btmg only 250 fathom perpendicular in a courfe.; 
of 500 leagues, it will be fufficient to give a notable cur- 
rent in a regular bed throughout all that extent of river, 
as appears from what we have faid above (N p 38.). But 
the deprefiion of the curve of the river's, bed, below the 
horizontal plane which is a tangent to its fource, in this 
fame extent of courfe, is not lefs than ninety leagues per- 
pendicular, being always the fecant of the arc of the ri- 
vefs extent minus a radius of the earth in that point. 

70. It follows evidently from the above princples (N* 
6a — 69), that the declivity and velocity of a river are 
lefs in proportion as the bed approaches nearer to being 
concentrical with the curve of the earth's furface. 

7 1 . I fhall now apply the principles laid down to de- 
termine, as near as poffible, the real quantity of declivity 
in different rivers, making life of what is already known 
from experiments and actual menfuration to determine 
the fame in all others by the comparifon of the different 
degrees of velocity in their refpective currents. 

72. It is the general opinion of moft of thofe who 
have examined this fubjecl: (k) , that rivers and canals 
which have lefs than one foot of declivity in 10,000 feet 
of courfe, will have very little current, unlefs it be by 
means of the great abundance of their upper waters 

(k) Vide deschai.es, de Font, et FIuv. 

4. which 
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which give motion to thofe&efore them by their weight 
and impulfion. Without this therefiftance proceeding 
from the bottom and fides of the bed, and from other 
accidental obftacles (N° at.) would equal, if not furpafs. 
the ordinary caufes of acceleration (N° 2 o) fo as to dimi* 
nifh continually the motion of the waters, and at laft 
render them almoft flagnant (N° 22.). But nature has 
prepared remedies againft this, as we have feen above 
(N° 28. 29. 48.). What Riccioi-i ^fays of the Po, in 
that part of its courfe next its mouth, is perfectly con- 
formable to this theory : " Sic Padus, qui a'Pago OJleUata 
w vocato, ufque ad Adriaticum, intervallo milliarium cir- 
■•" citer 7©, non habet libramentum majus 13 aut 14 
" pedum, ita ut fingulis milliaribus ne 3<quidem uneiae 
* ( declivitatis obveniant; xinde Padufa, potius inftar ftag- 
u nantibus aquis, incertiffimus eflet ad defluxum curfus-: 
" impetu tamen inopreflb a 30'et amplius fluminibus 
** aut torrentibus fe in ilium exonerantrbus, etiamque a 
" nativae pondere aquae ex fuperioribus et altioribus 
" prope Alpes alveis decurrentis, velocitatem maximam 
* acquirit." 

73 From many obfervations and trials which I made 
for this purpofe in the years 1773 and 1774 upon the 
river Iprelee in Flanders, which comes down from the 

(I) Geogr. et Hydrogr.4. VI. c. xix. p. zi$. edit, -Bonon, 166 1. 

city 
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city of Ipres and falls into the fea at Nieuport, having a 
very moderate current when the flukes' upon it are open, 
$ found its mean declivity to he nearly three fathoms four 
feet and eight inches in 20 jO 00 fathoms of extent of its 
courfe, or very nearly one foot in a meafured Englifh mile. 
I fay its mean declivity, becaufe from what has been faid 
above (<N° 1.3. 27. 28. 2,9.) it is plain* that a greater or 
lefs quantity than ordinary of water in it will add to, or 
take from, fomething thereof ; but the declivity in each 
part, of its bed is nearly uniform. 

As the fources of this river, and thofe of the Ifere 
which joins it at Fort Knock, four leagues from Nieu- 
port, are in the higher grounds of Flanders towards 
Houthem, Mount Kemele, Swaertfberg, Catfberg, and 
the other hills as far as Mount Gaflel; and as the reft of 
their courfe is in a flat country with a very fmall defcent 
towards the fea, the declivity thereof may be taken as a 
mean between that of the other rivers and canals of 
Flanders: the artificial canals will have lefs, not above 
a fix or feven thoufandth part of their extent, or one 
twelfth of an inch in each eight fathoms : the rivers Lys 
and Efcaut, before they fall into the flat country, fome- 
thing more, after which they may have about the fame, 
or even fomething lefs. between Ghent and Antwerp. 
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This quantity of three fathoms four feet and eight 
inches of declivity in 20,000 fathoms of extent, gives 
the proportion of the declivity to the. extent as 1 to 
5292, which is one line or twelfth part of an inch in 6| 
fathoms, and two feet feven inches in one French league 
of 2283 fathoms. Now the meafured Englifh mile con- 
taining 5280 feet, this proportion of ~j approaches fo 
very near to one foot of declivity in every meafured mile 
of extent, that I mall every where reduce what I call the 
mean declivity to that quantity, as a ftandard wherewith 
to compare the reft. 

74. In canals, all whofe flukes and vents have been 
kept fhut a fufficient time to render the water ftag- 
nant throughout their whole length, there cannot be al- 
lowed above an inch or two of declivity for each mile in 
length, on account of the water that unavoidably runs 
off through the chinks of the doors of Unices, drains, 8cc. 

75. According to the obfervations of the AbbecHAPPE 
d'auteroche fmJ , the floor of the Hall of the Royal Ob- 
fervatory at Paris is forty-five fathoms three feet and five 
inches French above the level of the feaat the mouth of 
the Seine. According to the Abbe nolle ■£, this fame 
floor is forty-fix fathom abovethe level of the Ocean, and 
only forty-five fathoms above the level of .(the Mediter- 

(m) See Relation de fon Voyage en Siberie, torn. II. p. 406, 407. 444. 

ranean 
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ranean fea. Again, according to the above Abbe chappe, 
the faid floor of the Obfervatory is elevated twenty-four 
fathoms one foot and ten inches above the level of the 
river Seine at Paris; therefore the level of the Seine un- 
der the Pont Royal at Paris is twenty-one fathoms one 
foot and feven inches above the level of the Ocean; and 
fuch alfo is the quantity which Meff. cASsiNihave given, 
from their own obfervations and experiments, for the 
mean height of the Seine at Paris above the level of the 
fea. 

Now the courfe of the Seine from Paris to its mouth 
at Havre de Grace, by following all its turns and wind- 
ings, is about 90,000 fathoms in length; therefore 
Tj?22. — a 2 % 2-i fathoms of extent for one fathom of de- 

21. 1.7 * u 2 

clivity in the river Seine, or one line in 4} fathoms, and 
confequently the proportion of its declivity to its length 
is as one to 42324. It is to be obferved, that the bed of 
the Seine is deep, and its current considerably ftrong. 

7 6. By fimilar obfervations and actual levellings made 
upon the river Loire by M. U. pi card and pitot /V , the 
declivity thereof in proportion to its length is found to 
be as one to 3174, which is one line in 3) fathoms.. 
Notwithstanding this great declivity of the bed of the 
Loire it is obferved, that the velocity of the water therein, 

(n) See Memoires de 1' Acad. Roy ale ties Sciences de Paris, pour 1730. 

Vol. LXIX. 4 O compared 
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compared to that in the Seine, is lefs than it mould be in 
proportion to their refpective declivities, which is very 
juftly attributed to the much greater depth in proportion 
to the breadth of the Seine, above what is found in 
the Loire. This laft river is remarkably broad, and fo 
mallow that in many places it is hardly navigable for 
boats. Now this, according to the principles laid down 
above (N° 27, Sec.) muft very much diminifli the fwift- 
nefs of the current, which it mould otherwife have from 
the great declivity of its bed. In confirmation of this it 
is moreover obferved, that in great falls of rain, which 
equally increafe the volume of water in both thefe rivers, 
the velocity in the Loire augments in a much greater 
proportion than it does in the Seine ; and this obfervation 
is likewifeconformable to the principles above laid down 
(N° 12. 28. &c). 

77. The river Doux, after paffing by Befancpn, falls 
into the Saone above Chalon; the Saone joins the Rh6ne 
at Lyons. This river, from Befancon to its mouth in the 
Mediterranean fea, is one of the moft rapid in the known 
world : the velocity of its current is at leaft double to that 
of the Seine or Loire, and its courfe is almoft in a ftraight 
line. The difference of elevation of this river at Befan- 
qon, above that of its mouth in the Mediterranean fea, 
after a courfe of abovit eighty-fix French leagues, has 

been 
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been found, by a long feries of barometrical observations, 
to be about feventy-five fathom/ '', which gives the pro- 
portion of the declivity to the extent as one to 2620, or 
about one third of a line to each fathom. This is double 
the mean declivity of the rivers in Flanders; but the 
vielocity of the current in the Rhon<* 's at leaft triple 
thatin the.otb.ers (N° 29.). 

7.8. From the above data 3 got from observations and 
adtual menfuration, arid from many others of the fame 
nature tojo long to mention herei we may deduce the fol- 
lowing table of comparative proportions between the de- 
clivities and velocities in different kinds of rivers. 

[ofi SwnCobw de fky&tffl>4*?m* : Pm> W< N* ?4°. 
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I fhould think it quite fuperfluous to give any expla- 
nation of a table fo clear and intelligible: as tlie above; and 
lhall only remark upon it that t be comparative degrees of 
tbe mednveiociiies of the refpecltve currents in the fecond 
column are the reiult ot obfervations and experiments, 
the method of making which has been given above 
(N^-a^: but as -the -velocity of rivers is very different in 
difterentieaionsot the year> which augment or diminifh 
greatly the mafs of waters in their beds, a mean has been 
kept to, as much as poffible, in the above table. 

By taking the degree of velocity of the current in any 
river, a thing fo eafy to be done; and obferving its other 
chara&eriftics as laid down above under the title of dif- 
tinclive attributes, it will be eafy to judge very nearly of 
the quantity of declhify- in that part of the river. 

79, After carefully comparing what has been faid in 
the relation^ of travellers, and in the beft treatifes of 
geography, upon the principal rivers in the known 
world, Iihould be inclined to clafs them in the following 
manner, particularly entreating at the fame time that 
my opinion abbxit it may be regarded as fimple conjec- 
ture^ -which I leave to be rectified by thofe better ac- 
quainted with, the matter than it is poffible 1 for me to be. 

Under the firft rate or clafs in the above table I ihould 
put that part of the channel of moft great rivers which 

is 
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is in extenfive plains next the fea; with regard to the de- 
clivity thereof alone, hut not at all with regard to the ve- 
locity of the current there, which is often very great 
from the compreflion and impulsion of the upper waters, 
as has been repeatedly fhewn above muft be the cafe 
{N°2Q. 38. 43. 72.)- 

Second rate or clafs. Moft artificial canals in flat coun- 
tries, made for the ufe of navigation; efpeqially. thofe in 
the Dutch and Auftrian Netherlands. 

Third rate or dais. The river Trent; the Scheld and 
the Lys below Ghent; the Ifere and the Iprelee below 
Fort Knock. in Flanders; many rivers in the territories of 
Bologna and Ferrara in Italy.; the .river Meander in Na- 
tolia,; and innumerable others in flat countries. 

Fourth clafs. The Thames; tbe Lys and the Scheld 
above Ghent in Flanders,; the Senne, the JDyle, and the 
Bemmer,inBrabant; the Seine and the Somme in France; 
the Nile and the Niger in Africa.; the rivers of St. Law- 
rence below Lake Ontario, tne Orounoko, the river of 
Amazons, and the rivers of Paraguay, in America. 

Fifth clafs. The Severn and Oufe in England; the 
Loire ana Garonne in France; the Tagus, the Guadiana., 
and the Guadalquivir, in Spain; thePo and the Tiber in 
Italy; the Meufe, the Rhine, and the Elbe, in Ger- 
many; the Weifiej, the Neifter, the Bog, and the Nieper, 

in 
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in Poland; the Don and the Dwina in Ruffia; the 
Amur or Saghalien in Tartary ; the Yellow and Blue 
Rivers in China; the rivers of Cambodia, Ava, and 
Ganges, in India; the Euphrates; the river Zaire in 
Congo ; the Miffifippi. 

Sixth clafs. The Rhone in France; the Ebro and 
Douro in Spain; the Danube; the Wolga; the Irtifch 
and Oby, the Jenefea and Lena, in Siberia ; the river In- 
dus; the Tigris; the Malmiftra in Cilicia. 

Seventh clafs. In this clafs can only be enumerated thofe 
parts of rivers where they defcend from among moun- 
tains into the plain country below; as alfo fome rivers 
paffing through the midft of mountains. 

Eighth clafs. To this clafs belong all torrents among 
mountains; fuch, for example, as the Bourns in the 
Highlands of Scotland are defcribed to be. 

SECTION VI. 

A general- and eafy method of taking levels though largre 
extents of country where rivers pafs ; and ifo of comi- 
puting the heights of interior parts of contiftats* ^\lmee 
tbefurface of thefea. 

80. After all I have faid hitherto in this effay, artd 
particularly in the foregoing fe&ion, what I am about to 

lay 
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lay down under this Ml head of it muft appear Very 
plain and eafy. I am very far, however, ftpm giving the 
methods I am going to propofe for taking the levels 
through whole countries and continents as far as rivers 
extend, as ftri&ly exaft; I know very well that it is 
next to impoflible they fhauld be £b, considering the 
continual variations in the declivities of rivers, and 
in the velocities of their currents in different part% 
as alfo the impoffibility of knowing, the exa<ft length 
of their courfe through all their turns and' windings 
I only give them therefore as a general and eafy toe*- 
thod of computing the relative heights of countries 
without deviating much from the tctitfr/ which, per? 
haps, is all that may be neceflary ' for the. conside- 
ration of the natural philofopher. At all events, they 
may be of fome ufe, for this end, in fo many pacts 
of the earth through which rivers pafs, and where no 
barometrical observations, or any others whatever, for 
taking heights above the fea, have been, or perhaps ever 
will be made. They may alfo be found ufeful in taking. 
the levels through a large extent of flat countries where 
regular canals and rivers pafs, and where the difference 
of elevation is too fmall to be obferved by the barometer, 
and where alfo the" taking them through fa. great an ex- 
tent by the common methods of levelling would be 
much too expenfive for the purpofes required. Now in 
i this 
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this laft cafe I have found, by gx ffisfo ac fr that by the 
method I here propofe the difference of heights may 
very eafily he found, and that very near £0 the truth. 

, For this end it may be proper to premife a few neoef- 
fary confiderations and precautions to. be obferved in 
making ufe of the method I here propofe. They would 
eafily occur to any one who confiders the principles 
whereon it fe grounded} but to sfave trouble I fhall put 
them down in a few words. 

81. The fitft is, that a particular attention muft be 
had to the quantity of water a&Vtfdly, »n the riven at the 
time of the operation, fo that acoordiag as the greater or 
lefs quantity, thereof may augment or dirainifb the ve- 
locity of the current^ allowance may be snade conforma- 
ble thereto in determining the quantity of declivity from 
the degree of velocity. . 

adly, Obferving this precaution throughout the whole 
river, or all that part of it wherein we want to find the 
difference of elevations, we. muff next endeavour te de- 
termine, as near as poffible, by the principles laid down 
in the laft fe&ion, all the variations of declivity from the 
variations of velocity •within thofe limits, and alfjo the 
exacl length and quantity of each. 

3dly, The fame attention muft be had in taking the 
difference of heights by canals, while their fluices .and, 

Vol. LXIX. 4 P com- 
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communications are kept constantly open, fo as to effec- 
tuate a compleat natural current throughout the whole 
extent thereof; for in this cafe they are no other than 
rivers, and their waters follow the fame laws of motion. 

4thly, But in canals which are fhut, and their waters 
kept up by fluices fo as to render them nearly Stagnant, 
the practice of this method will be different from what 
it is in rivers and open canals : for in this cafe there can- 
not be allowed for the declivity of the furface of the wa- 
ter from fluice to fluice above one inch, or two at moft, 
in each mile of length, according as there may be fewer 
or more accidental drainings of the water in it (N° 74.)- 

Again, as it may happen, in taking the levels of coun- 
tries by the means of artificial canals, that the water in 
different parts may have different directions, attention 
muft be had to add or JubtraSl respectively the total de- 
clivity of each. 

Moreover, it almofl always happens, in canals where 
the fluices are fhut, that the water on the two fides of 
each fluice is of a very different height, the back waters 
being kept up, while the lower are run off to a certain 
point; but in fluices next the fea, the tide againft the 
outer gates is fometimes lower and fometimes higher 
than the water in the canal above. In all thefe cafes, the 
difference of height muft be exactly meafured, and the 

quantity 
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quantity -refpe^tively added or fubtra&ed in the account 
p£ the levelling. 

5thly, After this it is neceffary to determine, as nearly 
as poffiblq, the length of the canals and rivers through 
all their turns and windings, and throughout the whole 
extent of country in which we want the difference- of 
elevations. This may be done by an a&ual menfuration, 
or by the general opinion of the inhabitants of each part 
of the country, which, being founded upon the long and 
continually repeated experience of an infinity of people, 
will be found to differ very little from the truth, .atten- 
tion being bad to the quantity of tbeir nominal meafures; 
even the errors in more or lefs will nearly compenfate 
each, other; or, finally, in great extents it may fuffice to 
compute them from good geographical maps. 

6thly, This being done by one or the other of thefe 
methods, it will be eafy, from the quantity of declivity 
before determined for each part in particular, to find the 
whole quantityof declivity throughout the whole extent 
of country meafured, or from any one part thereof to any 
other along the rivers or canals in queftion, which are 
fuppofed.to.be continued without interruption from one 
.plate to the other* If to this be added the relative height 
of the country in each place compared with the level of 
the water in the -part: of the -river or canal next to each, 

4 P 2 we 
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we (hall have very nearly the difference of elevation of thofe 
two parts of the country. And thus the levels may be 
taken from the fea through any extent of country, nay 
even through whole continents, as far as rivers or canals 
extend without interruption. Cataracts themfeives, fuch 
as thofe in the Nile and in the river of St. Lawrence, 
need not hinder the operation, lince we have only to take 
the respective heights from which they fall into the ac- 
count as we do in common fluices, and allow for the in- 
creafe of velocity produced by them in the current of the 
river above and below the places where they exift. 

82. Although I do not pretend to equal this method 
(of finding the difference of heights in countries) for 
exaBnefs to the levels taken by actual menfuration, or to 
thofe found by a long feries of nice barometrical obfer- 
vations; yet it muft be allowed, that it is free from many 
inconveniencies, and accompanied with many conveni- 
ences, which the others are not. It may be eafily carried 
through great extents of country, where the other me- 
thods cannot be put in practice, on account of the ex- 
pence or time required ; and this may be done with 
very little trouble, and perhaps with fufficient exact - 
nefs to anfwer all the purpofes of the natural philo- 
fopher in his considerations on the globe we inhabit. 
Although the method of taking heights by barometrical 

obfervations 
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obfervations is highly ufeful, and among mountains 
(where mine can be of little or no fervice) far preferable 
to every other hitherto difcovered ; yet it will eafily be 
acknowledged by every one who is acquainted with what 
M. de luc w , Sir george shuckburgh, and Colonel 
roy ^, have done upon this fubject, that the greatefl at- 
tention to an infinity of varying circumftances, as well 
as the greateft nicety and exactnefs both in the inftru- 
mentsandin repeated obfervations, are neceffary if we 
would come at the truth thereby. 

Again, the method of taking the difference of heights 
by the quantity of declivity in rivers requires no atten- 
tion to the curvature of the globe, an object (as every 
one knows) infinitely too confiderable to be neglected in 
the common method of levelling; as are alfo the great 
and varying refractions of the vifual rays fo near to the 
furface of the earth as they muft be taken in the practice 
of that method. The quantity of effects and of errors 
in the vifuals proceeding from this Ml caufe muft be. 
very different at different times, as it depends wholly on 
the greater or lefs denfity, on the greater or lefs quantity 
of vapours fufpended in the loweft part of the atmo— 

(m) See his work on Barometers and Thermometers, in two vol. quarto. 
( n) See the learned and curious treatifes of thefe two gentlemen in the 
Philofophical Tranfa&ious for 1777. 

fphercj. 
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fphere, the ftate of which feldom remains long the fame. 
Now it is no eafy matter either to determine the quantity 
of thefe exactly, or to calculate the effects and errors in 
the vifual rays proceeding therefrom, which yet mull be 
done to come at the truth by the common method of 
levelling; whereas, in the method I propofe, no fuch con- 
fiderations are neceffary, as is evident from the nature of 
it. 

But this is more than enough on a method fo obvious 
and eafy; I {hall now give a few examples of it, and 
thereby conclude this effay, already perhaps much 
too long. 

83. Suppofing the length of the Scheld, between 
Antwerp and Ghent, following all its meanders, to be. 
forty raeafured Englifti miles, as it is reckoned nearly to 
be; and fuppofing the length of the faid Scheld between 
Ghent and Tournay to be fifty of the fame miles; and 
that of the Lys from Ghent to, Commines, where it ap- 
proaches neareft to the city of Ipres, forty- fix miles; it is 
required to know the refpective differences of elevation 
between all thefe places. 

It may be found above (N° 78. 79.) that the river 

Scheld, between Ghent and Antwerp, has not above one 

foot declivity in each mile of its courfe; and that the 

1 Scheld 
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Scheie! and the Lys, above Ghent, have about one foot 
declivity in each four thoufand feet of length. 

According to this, the furface of the Scheld in Ghent 
is about forty feet higher that it is at Antwerp; and at 
Tournay it is fixty-fix feet higher than at Ghent, and 
one hundred and fix feet higher than at Antwerp. So 
alfo the furface of the Lys at Commines is fixty-one feet 
higher than at its junction with the Scheld in Ghent, and 
one hundred and one feet higher than the fame at 
Antwerp. From hence it may be deduced, that the 
Scheld at Tournay is about five feet higher than the Lys 
at Commines, through twenty-five, miles, of. interjacent 
country. 

84. Suppofe it be required to find the difference of 
height between the furface of the Lys at Commines and 
the furface of the canal at Ipres which falls into the fea 
at Nieuport on the Coaft of Flanders. The diftance be- 
tween Ipres and Commines is nearly feven meafured 
miles, through which there is no communication by 
water; but there is one a great way round, which there- 
fore, for the purpofe required, muft be followed through 
all the differences of elevation comprized therein, viz. 
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Defcent towards the fea at Nieuport on the Coqfi of 

Flanders. 

Feet. 

Total declivity of the Lys from Commines to Ghent, 
46 miles, - - - 61 

Declivity of the canal from Ghent to Bruges, when 
the lluices are fhut, - - - 1 

Difference of height of the water in the aforefaid 
canal above that in the canal from Bruges to 
Oftend, which two communicate together by 
fluices, - - - 8 

Declivity from Bruges to Plafchendahl where the 
canal of Nieuport joins that of Oftend, - 6 

Total declivity from Plafchendahl to Nieuport, in- 
cluding the difference of furfaces in two interme- 
diate fluices, - - 8 

Total declivity, all one way, from Commines to 
Nieuport, about 95 miles, - - 84 



Afcent 
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too far into the regions of conjecture; but as fuch mif- 
takes as thefe are no ways prejudicial to my fellow crea- 
tures, to whom I wifh to be ufeful, and as they may give 
occafion for others to rectify them, and fo lead them to a 
fubject which otherwife, perhaps, they might never have 
attended to, I mall hope for indulgence from all thofe 
who wifh well to humanity and to ufeful knowledge. 
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from what was found by actual levels made from the 
Lys to Ipres by the French engineers during the time 
that lewis the xivth was mafter of the country, when 
there were propofals for opening a canal from the one to 
the other. 

85.I fhall venture to carry my conjectures Hill far- 
ther, and grounding them upon the principles laid down 
above (N° 78. 79.) I fhall take a general view of the 
elevations of continents along thexxmrfe of the principal 
rivers in the known world. I cannot, however, repeat 
too often, that I give this as a matter of mere conjecture 
and curiofity. It has not been, nor ever will be, in my 
power, or in that of any other particular perfon whatfo- 
ever, to follow the courfes of all the rivers mentioned in 
the enfuing table from their mouths to their fources. 
All that can poffibly be done on this head, is to examine 
the relations of voyagers and geographers concerning 
each river as far as it is known, and to reduce it by that 
means within the compafs of the hydrometrical princi- 
ples laid down in this effay. This is what I have done as 
far as I could; and therefore, allowing that I make great 
miftakes therein, yet I do not think that I merit much 
blame on that account, as I have done what I was able to 
do. If I am blame- worthy, it is for having launched out 
1 too 
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Jifcent front tbefea at Nieuport to the city <?/ Ipres. 

Feet. 

Difference of height which the river from Nieuport 
to Ipres has above the canal from Nieuport to 
Plafchendahl, taken crofs the harbour of Nieu- 
port, by means of the tides which come up againft 
the outer gates of the fluices next the fea on each, 3 

Declivity of the river Iprelee from Nieuport to 
Boefinghe, - - - - 11 

Difference of level of the water above and below the 
fluice of Boefinghe, - - 2 2| 

Declivity in the canal from Boefinghe to Ipres, - j 

Total afcent, all one way, from Nieuport to Ipres, 37 

Now 84-37=47 feet for the difference of height 
which the furface of the Lys at Commines has above 
the furface of the canal at Ipres. I have made ufe of the 
above example preferably to any others, as it is very 
complicated, and becaufe the quantities of declivity 
which I have put down are not arbitrary ; and, moreover, 
becaufe I had the good fortune to find, fome years after I 
had taken thofe meafures, that I only differed two feet 
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